wo 2021/007833 A1 |0 0000 KA Y OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 January 2021 (21.01.2021)

(10) International Publication Number

WO 2021/007833 Al

WIPO I PCT

(51) International Patent Classification:
Ho4W 72/08 (2009.01)

(21) International Application Number:
PCT/CN2019/096481

(22) International Filing Date:
18 July 2019 (18.07.2019)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: QUALCOMM INCORPORATED [US/US];
Attn: International IP Administration, 5775 Morehouse Dri-
ve, San Diego, California 92121-1714 (US).

(72) Inventors; and

(71) Applicants (for US only): HUANG, Min [CN/CN]; 5775
Morehouse Drive, San Diego, California 92121-1714 (US).
WEI, Chao [CN/CN]; 5775 Morehouse Drive, San Diego,

(74)

@81)

California 92121-1714 (US). LI, Qiaoyu [CN/CN], 5775
Morehouse Drive, San Diego, California 92121-1714 (US).

Agent: NTD PATENT & TRADEMARK AGENCY
LTD.; 10th Floor, Tower C, Beijing Global Trade Center,
36 North Third Ring Road East, Dongcheng District, Bei-
jing 100013 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: BEAMFORMING DETERMINATION FOR IAB SYSTEM WITH FULL DUPLEX

Parent
Node
DL Parent BH
205 A UL Parent BH
FIG. 2

210

DL Child BH

A 4

-~

UL Child BH 215

\ 200

(57) Abstract: Methods, systems, and devices for wireless communications are described. A relay node may determine a channel status
for each of a plurality of downlink beamforming directions between a parent node and the relay node based at least in part on a downlink
beamforming direction between the relay node and a child node. The relay node may transmit a report to the parent node indicating at
least a subset of the channel statuses and an indication that a respective downlink beamforming direction of the plurality of downlink
beamforming directions corresponds to a respective channel status in the subset of the channel statuses. The relay node may receive a
grant from the parent node indicating a first downlink beamforming direction. The relay node may monitor for a downlink transmission
from the parent node based at least in part on the grant and the first downlink beamforming direction.

[Continued on next page]



WO 20217007833 A1) 00P 000 00RO 0 0 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— of'inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))



10

25

WO 2021/007833 PCT/CN2019/096481

BEAMFORMING BDETERMINATION FOR IAB SYSTEM WITH FULL BUPLEX

BACKGROUND

16001} The following relates generally 1o wireless communications, and more specifically
to beamforming determination for integrated access and backhaul JAB) system with full

duplex.

0002] Wireless comnumications svstems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources {e.g., ime, frequency, and power). Examples of such multiple-
access systems include fourth generation (4G) systems such as Long Term Evolution (LTE)
systems, LTE-Advanced (LTE-A) svsterns, or LTE-A Pro systems, and fifth generation (5G)
systems which may be referred to as New Radio (INR} systems. These systems may employ
technologies such as code division multiple access (CDMA), time division muitiple access
{TDMA), frequency division multiple access (FDMA), orthogonal frequency division
muttiple access (OFDMA), or discrete Fourier transform spread orthogonal frequency
division multiplexing (DFT-S-OFDM). A wireless multiple-access comnunications systerm
may include a number of base stations or network access nodes, each simultaneocusly
supporting communication for multiple communication devices, which may be otherwise

known as user equipment (UE).

[3003] Wireless communication sysiems may operate in mmW frequency ranges, e.g., 28
Gz, 40 GHz, 60 GHz, etc. Wireless communications at these frequencies may be associated
with increased signal attenuation {e.g., path loss), which may be influenced by various
factors, such as temperature, barometric pressure, diffraction, etc. As a result, signal
processing techniques, such as beamforning, may be used 1o coherently combine engrgy and
overcome the path losses at these frequencies. Due fo the increased amount of path loss in
mmW communication systems, transmussions from the base station and/or the UE may be
beamformed. Moreover, areceiving device may use beamforming techniques to configure
antenmnals) and/or antenna array(s) such that transmissions are recetved in a directional

manner.
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[6004] Some wireless commumications systems may support both access and backhaul
wireless commumnications. For example, such wireless commumication systens may include
nodes, which may also be referred to as anchor nodes, parent nodes, relay nodes, or child
nodes depending on where the node s within the network, that facilitate wireless
communication between a UE and the network, In some cases, a donor node (or anchor node)
mav have a high-capacity, wired, backhaul connection (e. g, fiber} to the network, while
commmunicating simultaneously with one or more downsiream relay nodes {e.g., downstream
parent, relay, and/or child nodes) or UEs. A network that supports communications between a
relay node and a UE may be referred to as an access network or link, while a network that
supports communications between one or more refay nodes may be referred to as a backhaul
network or hnk. In deployments supporting both access and backhaul, the network may be or
iroplement an TAB network. Conventional beamforming techiiques in IAB systems are

deficient.

SUMMARY

HERTRY The described techniques relate to improved methods, svstems, devices, and
apparatuses that support beamforming determination for integrated access and backhaul

(1 AB} svstem with full duplex. Generally, the described techniques provide for various
techniques to support beamform direction selection, for downlink and uplink, in an IAB
network that is configured or otherwise supports both non-full duplex and full duplex
communications. In the downhnk, this may include a relay node identifving or otherwise
determining the channel status for each downlink beamformang direction between a parent
node and a relay node. The relay node may determine the channel status based, at leastin
some aspects, on a downlink beamforming direction between the relay node and one or more
child nodes. The relay node may transmit or otherwise provide a report to the parent node
that indicates at least a portion or subset of the channel statuses and, in some aspects,
mdicates a respective downlink beamforming direction from the pluralitv of downlink

beamforming directions corresponding to each respective channel status.

[6006] The parent node may receive the report from the relay node and respond with the
grant to the relay node indicating at least one (e g.. a first) downlink beamforming direction
based on the report. The grant may also carry or convey an indication of resources {e.g.. a

radio resource allocation in time and/or frequency} corresponding to the first downlink
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beamforming direction for a non-full duplex mode as well as for a full-duplex mode. The
relay node mav monitor for and receive a downlink transmission from the parent node
according to the grant and the first downlink beamtorming direction. The relay node may
concurrently transmit a downstream transmission 1o its child node using af least a portion of
the allocated resources and based, at least in some aspects, on the first downlink

beamforming direction.

[B007] It the uplink, the relay node may identily or otherwise determine a channel status
for each of the plurality of uplink beamforming directions between the parent node and the
relay node based, at least in some aspects, on an uplink beamforming direction between the
relay node and the child node. The relay node may then transmit or otherwise convey one or
more uplink reference signals 1o the parent node using ai least a portion of the plurality of
uphink beamforming directions, e.g., based on the channe! statuses. The relay node may
mdicate to the parent node whether the uplink reference signals is for the full duplex mode or

the non~{ull duplex mode 1n the report and/or in a separate {ransmission.

{0008] The parent node may use the uplink reference signals and indication to identifv or
otherwise deternine the first uplink beamforming direction from the plurality of uplink
beamforming directions. Accordingly, the parent node may transmit or otherwise convey a
grant to the relay node indicating the first uplink beamforming direction as well as the
resources {e.g., radio resource allocation in time and/or frequency) for uplink
conmrounications using the first uplink beammforning direction. The parent node may then
monitor for and receive an uphink transmission from the relay node according to the graot and
the first uplink beamforming direction. The relay node may concurrently monitor for and
receive uphink transmission(s} from the child node and/or a UE using the granied resources

and based, at least in some aspects, on the first uplink beamforming direction.

{6009} A method of wireless communication at a relay node is described. The method
may nclude determining a channel status for each of a set of downlink beamforming
directions between a parent node and the relay node based on a downlink beamforming
divection between the relay node and a child node, transmoitting a report to the parent node
mdicating at least a subset of the channel statuses and an indication that a respective
downlink beamforming direction of the sat of downlink beamforming directions corresponds

to arespective channel status in the subset of the channel statuses, recetving a grant from the
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parent node mdicating a first downhink beamforming direction from the set of downlink
beamforming directions, and monitoring for a downlink transmission from the parent node

based on the grant and the first downlink beamforming direction.

0010} An apparatus for wireless communication at a relay node is described. The
apparatus may include a processor, memory coupled with the processor, and instructions
stored in the memory. The instructions may be executable by the processor to cause the
apparatus to deternmine a channel status for each of a set of downlink beamforming directions
between a parent node and the relay node based on a downlink beamfornung direction
between the relay node and a child node, transmit a report to the parent node ndicating at
least a subset of the channel statuses and an indication that a respective downlink
beamforming direction of the set of downlink beamforming directions corresponds to a
respective channel status in the subset of the channel statuses, receive a grant from the parent
node indicating a first downlink beamforming direction from the set of downlink
beamforming directions, and monitor for a downlink transnussion frorm the parent node based

on the grant and the first downlink beamforming direction.

0011] Another apparatus for wireless communication at a relay node is described. The
apparatus may include means for determining a channel status for each of a set of downlink
beamforming directions between a parent node and the relay node based on a downlink
beamforming direction between the relay node and a child node, transmitting a report to the
parent node mdicating af least a subset of the channel statuses and an indication that a
respective downlink beamforming direction of the set of downlink beamformng directions
corresponds to a respective channel status in the subset of the channel statuses, receiving a
erant from the parent node mdicating a first downlink beamforming direction from the set of
downlink beamforming directions, and monitoring for a downlink transmission from the

pareni node based on the grant and the first downlink beamforming direction.

16612] A non-transitory computer-readable medium storing code for wireless
communication at a relay node 18 described. The code may include instructions executable by
a processor to determine a channel status for each of a set of downlink beamforming
directions between a parent node and the relay node based on a downlink heamforming
direction between the relay node and a child node, transmit a report to the parent node

mdicating at least a subset of the channel statuses and an indication that a respective
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downlink beamfornung direction of the set of downlink bearmforning directions corresponds
to arespective channel status in the subset of the channel statuses, receive a grant from the
parent node mdicating a first downlink beamforming direction from the set of downlink
beamforming directions, and monitor for a downlink {ransmission from the parent node based

on the grant and the first downlink beamforming direction.

{6013} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, receiving the grant further rav include operations,
features, means, or mstructions for receiving the grant indicating a resource allocation for
simultaneous transnussion and reception by the relay node when operating in a full duplex

mode.

{6014} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for
receiving the downhnk transmuission from the parent node within the resource allocation, and
iransmitting a second downlink transmission to the child node within the resource allocation

via the downlink beamforming direction between the relay node and the child node.

6015} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for
communicating a reference signal or a synchronization signal with the child node, where the
downlink beamforming direction between the relav node and the child node may be identified

based on the communicating,

{3016} Some examples of the method, apparatuses, and non-transitory compuler-readable
medium described herein may further include operations, features, means, or mstructions for
wdentifying a self-interference level between each downlink beamforming direction i the set
of downlink beamforming directions hetween the parent node and the relay node and the
downlink beamforming direction between the relay node and the child node, and determining,
for a full duplex mode, the channel status for each of the set of downlink beamforming
divections between the parent node and the relay node based on the identified self-

interference levels.

16617} In some examples of the method, apparatuses, and non-transiiory computer-
readable mediom described herein, determuning the charmel status for each of the set of

downlink beamforming directions further may mclude operations, features, means, or
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mstructions for determining, for a non-full duplex mode, a first channel status for each of the
set of downlink beamforming directions between the parent node and the relay node, and
determining, for a full duplex mode, a second channel status for each of the set of downlink
beamforming directions between the parent node and the relay node, where the report
mdicating the subset of the channel statuses may be based on the first and second channel

statuses.

[G318] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, determining the channel status for each of the set of
downlink beamforming directions may include operations, features, means, or instructions for
determining a beamforming channel gain for each of the set of downlink beamforming
directions between the parent node and the relay node, where the first channel status for each
of the set of downlink beamforming directions between the parent node and the relay node
may be determined based on the beamforming channel gain for each of the set of downlink
beamforming directions between the parent node and the relay node, and determining a ratio
of beamforming channel gain over self-interference level for each of the set of downlink
beamforming directions between the parent node and the relay node based on the identified
self-interference levels and the determined beamforming channel gains, where the second
channel status for each of the set of downlink beamforming directions between the parent

node and the relay node may be deternuned based on the ratio.

{3019} Some examples of the method, apparatuses, and non-transitory compuler-readable
medium described herein may further include operations, features, means, or mstructions for
determining, based on the grant, a non-full duplex mode downlink beamforming direction for
non-full duplex transmissions from the parent node, and determining, based on the grant, a
full duplex downlink beamforming direction for full duplex mode for full duplex
communications between the parent node and the relay node, for full duplex communications

between the relay node and the child node, or a combination thereof.

[6020] In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the child node may be a UE or a second relay node.

0021} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the relay node includes a relay node within an IAB

network.
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0022} A method of wireless communication at a relay node is described. The method
may include determining a channel status for each of a set of uplink beamforming directions
between a parent node and the relay node based on an uplink beamforming direction between
the relay node and a child node, transmitting an uphink reference signal to the parent node
using at least a subset of the set of uplink beamforming directions based on the channel
statuses, receiving a grant from the parent node indicating a first uplink beamforming
direction from the set of uplink beamforming directions, and fransnutting, via the first uplink

beamforming direction, an uplink fransmission 1o the parent node based on the grant.

{6023} An apparatus for wireless commmmication at a relay node is described. The
apparatus may include a processor, memory coupled with the processor, and instructions
stored in the memory. The instructions may be execiutable by the processor 1o cause the
apparatus to determine a channel status for each of a set of uplink beamforming directions
between a parent node and the relay node based on an uplink beamforming direction between
the relay node and a child node, transmit an uplink reference signal to the parent node using
at least a subset of the set of uplink beamtorming directions based on the channel statuses,
receive a grant from the parent node indicating a first uplink beamforming direction from the
set of uplink beamforming directions, and transmit, via the first uplink beamforming

direction, an uplink transmission to the parent node based on the grant.

[3024] Another apparatus for wireless communication at a relay node is described. The
apparatus may include means for deternuning a channel status for each of a set of uplink
beamforming directions between a parent node and the relay node based on an uplink
beamforming direction between the relay node and a child node, transnutting an uplink
reference signal to the parent node using at least a subset of the set of uplink beamforming
directions based on the channel statuses, receiving a grant from the parent node indicating a
first uphink beamforming direction from the set of uplink beamforming directions, and
iransmitiing, via the first uplink beamforming direction, an uplink transnussion to the parent

node based on the grant.

6025} A non-transitory computer-readable medium storing code for wireless
communication at a relay node 1s deseribed. The code may include instructions executable by
a processor to determine a channel status for each of a set of uplink beamforming directions

between a parent node and the relay node based on an uplink beamforming direction between
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the relay node and a child node, transmit an uplink reference signal to the parent node using
at least a subset of the set of uplink beamtorming directions based on the channel statuses,
receive a grant from the parent node indicating a first uplink beamforming direction from the
set of uplink beamforming directions, and transmit, via the first uplink beamforming

direction, an uplink transmission to the parent node based on the grant.

{6026} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, receiving the grant may include operations, features,
means, or instructions for receiving the grant indicating a resource allocation for
simultaneous transnussion and reception by the relay node when operating in a full duplex

mode.

{6027} in some examples of the method, apparatuses, and non-transitory compuier-
readable medium described herein, transmitting the uplink transmission further may include
operations, features, means, or instructions for fransmitiing the uplink transmission to the

parent node within the resource allocation, the method further ncluding.

16028} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for

communicating a reference signal or a synchronization signal with the child node, where the

uplink beamforming direction between the relay node and the child node may be identified

based on the communicating,

{6029} Some examples of the method, apparatuses, and non-transitory compuier-readable
medium described hergin may further mclude operations, features, means, or instructions for
wdentifying a self-interference level between each bearnforming direction in the set of uplink
bearmforming directions between the parent node and the relay node and the uplink
beamforming direction between the relay node and the child node, and determining, for a full
duplex mode, the channel status for each of a setf of uplink beamforming directions between

the parent node and the refay node based on the identified self-interference levels.

{6030} in some examples of the method, apparatuses, and non-transitory compuier-
readable medium described herein, transmitting the uplink reference signal further may
imclude operations, features, means, or instractions for fransmutting, for a non-full duplex
mode, a first uplink reference signal 1o the parent node, and fransmitting, for a full duplex

mode, a second uplink reference signal 1o the parent node, where the grant indicating the first
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uplink beamfornung direction moay be based on the first uplink reference signal and the

second uplink reference signal.

6031} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for
transmitting a signal to the parent node identifving the first uplink reference signal for the

non-~full duplex mode and the second uplink reference signal for the full duplex mode.

[B332] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, transmitting the uplink reference signal further may
mclude operations, features, means, or nstructions for transroitting the first uplink reference
signal within a first resource associated with the non-tull duplex mode, and transmitting the

second uplink reference signal within a second resource associated with the full duplex mode.

{6033} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for
determuning, based on the grant, a non-full duplex mode uplink beamforming direction for
non-full duplex transmissions to the parent node, and determuning, based on the grant, a full
duplex uplink beamforming direction for a full duplex mode for full duplex coromunications
between the parent node and the relay node, for full duplex communications between the

relay node and the child node, or a combination thereof.

0034] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the relay node includes a relay node within an IAB

network,

[3035] A method of wireless communications al a parent node is described. The method
mav mchude receiving a report from a relay node indicating a set of chanuel statuses and a
respective downlink beamforming direction of a set of downlink beamforming directions
between the parent node and the relay node that corresponds to a respective chanmel status in
the set the channel statuses, the set of channel statuses determined for the set of downlink
beamforming directions between the parent node and the relay node based on a downlink
beamforming direction between the relay node and a child node, fransmitting a grant to the
relay node indicating a {irst downlink bearmforming direction from the set of downlink
beamforming directions based on the report, and transmitting a downlink transmussion to the

relay node based on the grant and the first downlink beamforming direction.
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[6036] An apparatus for wireless commumications at a parent node is described. The
apparatus may include a processor, memory coupled with the processor, and instructions
stored in the memory. The instructions may be executable by the processor to cause the
apparatus to receive a report from a relay node indicating a set of channel statuses and a
respective downlink beamforming direction of a set of downlink beamforming directions
between the parent node and the relay node that corresponds to a respective channel status in
the set the chamnnel statuses, the set of channel statuses determined for the set of downlink
beamforming directions between the parent node and the relay node based on a downlink
beamforming direction between the relay node and a child node, fransmit a grant to the relay
node indicating a first downlink beamforming direction from the set of downlink
beamforming directions based on the report, and transmit a downlink transmission {0 the

relay node based on the grant and the first downlink beamforming direction.

6037} Another apparatus for wireless communications at a parent node is descobed. The
apparatus may include means for receiving a report from a relay node indicating a set of
channel statuses and a respective downlink beamforming direction of a set of downlink
beamforming directions between the parent node and the relay node that corresponds 1o a
respective channel status in the set the channel statuses, the set of channel statuses
determined for the set of downlink beamforming directions between the parent node and the
relay node based on a downlink beamforming direction between the relay node and a child
node, fransmitting a grant to the relay node indicating a first downlink beamforming direction
from the set of downlink beamforming directions based on the report, and fransmitting a
downlink transmission to the relay node based on the grant and the first downlink

beamforming divection.

2

16038} A non-transitory computer-readable medium storing code for wireless
commumications at a parent node is described. The code may include mstructions executable
by a processor to receive a report from arelay node indicating a set of channel statuses and a
respective downlink beamforming direction of a set of downlink beamforming directions
between the parent node and the relay node that corresponds 1o a respective channel status in
the set the channel statuses, the set of channel statuses determined for the set of downlink
beamforming directions between the parent node and the relay node based on a downlink
beamforming direction between the relay node and a child node, transimit a grant to the relay

node indicating a first downhink beamfornung direction from the set of downlink
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beamforming directions based on the report, and transmit a downlink transmission o the

relay node based on the grant and the first downlink beamforming direction.

6039] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, transmitiing the grant further may include operations,
features, means, or insiructions for transmitting the grant indicating a resource allocation for
simultaneous transmission and reception by the relay node when operating in a full duplex

mode.

[3040] Some examples of the method, apparatuses, and non-transitory compuler-readable
medium described herein may further include operations, features, means, or mstructions for

transmitting the downlink transmission from the parent node within the resource allocation.

{06041} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for
selecting the first downlink beamforming direction from the set of downlink beamforming

directions for the resource allocation based on the report.

{06042} in some examples of the method, apparatuses, and non-transitory compuier-
readable medium described herein, transmitting the grant may include operations, features,
means, or instructions for transmitting the grant 1o identify, for anon-full duplex mode, a
second downlink beamforming direction for non-full duplex transmissions from the parent
node, and transmitting the grant to identify, for a full duplex mode, the first downlink
beamforming direction for the full duplex mode for full duplex communications between the
parent node and the relay node, for full duplex communications between the relay node and

the child node, or a combination thereof.

[B343] In some examples of the method, apparatuses, and non-transitory computer-

readable medium described herein, the child node includes a UE or a second relay node,

{0044} In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the parent node includes a parent relay node within an

IAB network.

{0045] A method of wireless commumnications at a parent node is described. The method
may include recetving an uplink reference signal from a relay node transmitted using a subset

of a set of uplink beamforming directions, transmitting a grant to the relay node mdicating a
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first uplink beamformung direction from the set of uplink beamfornung directions based on
¢ uplink reference signal, and monitoring for an uplink transmission from the relay node

based on the grant and the first uplink beamforming direction.

[0046] An apparatus for wireless communications at a parent node is described. The
apparatus may include a processor, memory coupled with the processor, and instructions
stored in the memory. The instructions may be executable by the processor to cause the
apparatus to receive an uplink reference signal from a relay node transnutted usig a subset
of a set of uplink beamfornung directions, transnut a grant to the relay node indicating a first
uplink beamforming direction from the set of uplink beamforming directions based on the
uplink reference signal, and monitor for an uphink transmission from the relay node based on

the grant and the first uplink beamforming direction.

{06047} Anaother apparatus for wireless communications at a parent node 1S described. The
apparatus may mclude means for recetving an uphnk reference signal from a relay node
iransmitied using a subset of a set of uplink beamforming directions, transmitting a grant to
the relay node indicating a first uplink beamfornung direction from the set of uplink
beamforming directions based on the uphink reference signal, and montforing for an uplink
transmission from the relay node based on the grant and the first uplink beamforming

direction.

{6048] A non-transitory computer-readabie medium storing code for wireless
comrunications at a parent node is deseribed. The code may include instructions executable
by a processor to receive an uplink reference signal from a relay node transmitted using a
subset of a set of uplink beamdorming directions, transnut a grant o the relay node mdicating
a first uplink beamforming direction from the set of uplink beamforming directions based on
the uplink reference signal, and monitor for an uplink transmission from the relay node based

on the grant and the first uplink beamforming direction.

{0049} in some examples of the method, apparatuses, and non-transitory compuier-
readable medium described herein, transmitting the grant may include operations, features,
means, or instructions for transmitting the grant indicating a resource allocation for
simultaneous transmission and reception by the relay node when operating in a full duplex

mode.
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6050} Some examples of the method, apparatuses, and non-fransitory computer-readable
medium described herein may further include operations, features, means, or instructions for

receiving the uplink transmission from the relay node within the resource allocation.

B051] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
selecting the first uphink beamforming direction from the set of uplink beamforming

directions for the resource allocation based on the uplink reference signal.

[3052] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, receiving the uplink reference signal may nclude
operations, features, means, or instructions for receiving, for a non-full duplex mode, a first
uplink reference signal from the relay node, and recetving, for a full duplex mode, a second
uphink reference signal from the relay node, where the grant mdicating the first uplink
beamforming direction may be based on the first uplink reference signal and the second

uplink reference signal.

{8053] Some examples of the method, apparatuses, and non-fransitory computer-readable
mediurn described herein ray further include operations, features, means, or mstructions for
receiving a signal from the relay node identifying the first uplink reference signal for the non-

full duplex mode and the second uplink reference signal for the full duplex mode.

B054] Some examples of the method, apparatuses, and non-transitory computer-readable
medium described herein may further include operations, features, means, or instructions for
receiving the first uplink reference signal via a first resource associated with the non-full
duplex mode, and receiving the second uplink reference signal via a second resource

associated with the full duplex mode.

{0055] In some examples of the method, apparatuses, and non-transitory computer-
readable medium described herein, the parent node includes a parent node within an 1AB

network.
BRIEF DESCRIPTION OF THE DRAWINGS

{0056} FIG. 1 ilustrates an example of a system for wireless communications that
supports beamforming determination for integrated access and backhaul (JAR) system with

full duplex in accordance with aspects of the present disclosure,



10

15

20

WO 2021/007833 PCT/CN2019/096481

14

16057} FIG. 2 iHustrates an example of a wireless communication svstem m accordance

with aspects of the present disclosure.

6058} FIG. 3 iliustrates an example of a process in accordance with aspects of the

present disclosure.

B059] FIG. 4 iliustrates an example of a process in accordance with aspects of the

present disclosure.

{6060} FIG. 5 iliustrates an example of a wireless communication system in accordance

with aspects of the present disclosure.

{6061} FIG. 6 iliustrates an example of a wireless communication system in accordance

with aspects of the present disclosure.

[3062] FiGs. 7 and 8 show block diagrams of devices in accordance with aspects of the

present disclosure.

[3063] FIG. 9 shows a block diagram of a communications manager in accordance with

aspects of the present disclosure.

[0064] FIG. 10 shows a diagram of a system including a user equipment (UE) in

accordance with aspects of the present disclosure.

[0065) FIG. 11 shows a diagram of a system including a base station in accordance with

aspects of the present disclosure.

{0066} FiGs. 12 through 16 show flowcharts illustrating methods in accordance with

aspects of the present disclosure.

DETAILED DESCRIPTION

186667} Wireless communication systems may operate in millimeter wave (mmw)
frequency ranges, e.g., 28 GHz, 40 GHz, 60 GHz, etc. Wireless commumnications at these
frequencies may be assoctated with increased signal attenuation {(e.g., path loss}, which may
be influenced by various factors, such as temperature, barometric pressure, diffraction, ete.
As a result, signal processing techniques, such as beamforming, may be used to coherently
combine energy and overcome the path losses at these frequencies. Due to the increased

amount of path loss in mmW comumunication systems, fransmissions from the base station
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and/or the user equipment (UE) mav be beamformed, .g., using a transmit beam. Moreover,
areceiving device may use beamforming techniques to configure antenna(s) and/or anterma
array(s} such that transmissions are received in a directional manner, e.g , using a recgive

beam.

{6068} Some wireless commumication systems may support an integrated access and
backhaul (IAB) network that includes an 1AB donor {or anchor) node and one or more relay
nodes downstream from the donor node. In some aspects, an [AB network shares resources
between access and backhaul links. Generally, the TAB donor node (which may also be
referred 10 as an anchor node) is an access node having a wireline connection to the core
network. The donor node may have a central unit ({CU} function that is a central entity that
controls or otherwise configures resources within the 1AB network. The donor node may also
have a distributed anit {DU) function that serves as a scheduling node to schedule child nodes
{e.g., UEs) of the {AR donor node. Downstream from the IAB donor node may include one or
more [AB nodes (also referred fo as parent nodes, relay nodes, and/or child nodes, depending
upon where the node is within the LAB network) within the 1AB network, with each refay

node constituting a hop within the TAB network.

3069] FEach TAB node may relay iraffic from a donor node through one or more hops
(e.g., relay nodes). In one example, each 1AB node may have the DU function (e.g., a first
communication link interface) and a mobile termination (MT) function {e.g.. a second
comrounication link jnterface}. The DU function of the relay node may act as a scheduling
node that schedules child nodes of this particular relay node, which may be a UE and/or a
downstream child node (e g., a UE and/or a base station within the [AB network}. The MT
function may serve as a schaduled node sinmlar {0 a UE that 1s scheduded by its parent node.
In this context, the parent node may be a donor node {e.g., an anchor node) or a parent node
within the TAB network (e.g., an upstream wireless node from the perspective of the relay
node). Similarly, a child node may include a downstream relay node within the IAB network

from the perspective of an upstream donor node or parent node.

[6070] Aspects of the disclosure are imtially described in the context of a wireless
communications system. The described techniques relate to improved methods, systems,
devices, and apparatuses that support beamforming determination for IAB system with full

duplex. Generally, the described techniques provide for various techniques to support
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beamform direction selection, for downlink and uplink, in an 1AB network that is configured
or otherwise supports both non-full duplex and full duplex communications. In the downlink,
this may mnclude a relay node identifying or otherwise determining the channel status for each
downlink beamforming direction between ifs parent node and the relay node. The relay node
may determine the channel status based, at least in some aspects, on a {or plurality of)
downlink beamforming direction between the relav node and one or more child nodes. The
relay node may transmit or otherwise provide a report to the parent node that indicates at least
a portion or subset of the channel statuses and, in some aspecis, indicates a respective
downlink beamforming direction from the plurality of downlink beamforming directions

corresponding to the respective channel status.

{6071} The parent node may receive the report from the relay node and respond with the
grant to the relay node indicating at least one {e.g., a first) downhnk beamf{orming direction
based on the report. The grant may also carry or convey an indication of resowrces
corresponding to the first downlink beanforming direction tor a non-full duplex mode as
well as for a full-duplex mode. The relay node may monitor for and receive a downlink
transmussion from the parent node according to the grant and the first downlink beamforming

direction.

{8072] In the uplink, the relay node may tdentify or otherwise determine a channel status
for each of the plurality of uplink beamforming directions between its parent node and the
relay node based, at least m some aspects, on an uplink beamforming direction between the
relay node and its child node(s). The relay node may then transmit or otherwise convey one
or more uplink reference signals to the parent node using at least a portion of the plurality of
uplink beamforming directions, e.g., based on the channel statuses. The parent node may use
the uplink reference signals to identify or otherwise determine the first uplink beamforming
direction from the plurality of uplink beamforming directions. Accordingly, the parent node
may transmt or otherwise convey a grant to the relay node indicating the first uplink
beamforming direction as well as the resources for uplink communications using the first
uplink beamforming direction. The parent node may then monitor for and receive an uplink
transmussion from the relay node according to the grant and the first uplink beamforming
direction. The relay node may concuirently receive an uplink transmission from its child

node(s) using at least a portion of the resources indicated in the grant.
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16073} Aspects of the disclosure are further illustrated by and described with reference to
apparatus diagrams, system diagrams, and flowcharts that relate to beamforming

determination for LAB system with full duplex.

0074] FIG. 1 illustrates an example of a wirelegs communications svstem 100 that
supports beamforming determination for JAB system with full duplex in accordance with
aspects of the present disclosure. The wireless commumications system 100 imchudes base
stations 103, UEs 115, and a core network 130. In some examples, the wireless
conrounications system 100 roay be a Long Term Evolution (LTE) network, an LTE-
Advanced (LTE-A) network, an LTE-A Pro network, or a New Radio (NR) network. In some
cases, wireless communications system 100 may support enhanced broadband
communications, ulira-reliable (e.g., mission critical) communications, low latency
commumications, or comnumnications with low-cost and low-complexity devices.

6075} Base stations 105 may wirelessly communicate with UEs 115 via one or more
base station antennas. Base stations 105 described herein may include or may be referred to
by those skilled in the art as a base transceiver station, a radio base station, an access point, a
radio transceiver, a NodeB, an eNodeB (eNB), a next-generation NodeB or giga-NodeB
{either of which may be referred to as a gNB), a Home NodeB, a Home eNodeB, or some
other suitable terminology. Wireless commumications system 100 may include base stations
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 base stations 105 and network equipment

meluding macro eNBs, small cell eNBs, gNBs, relay base stations, and the hike.

{0076} Each base station 105 may be associated with a particular geographic coverage
area 110 in which communications with various UEs 115 is supported. Each base station 105
may provide communication coverage for a respective geographic coverage area 110 via
communication links 125, and communication links 125 between a base station 105 and a UE
115 may utilize one or more carriers, Communication links 1235 shown in wireless
commumnications system 100 may include uplink transnussions froma UE 115 to a base
station 105, or downlink transnussions from a base station 105 to a UE 115, Bownlink
transmissions may also be called forward link transnussions while uplink fransnussions may

also be called reverse link transmissions.
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{6677} The geographic coverage area 110 for a base station 105 may be divided into
sectors making up a portion of the geographic coverage area 110, and each sector may be
associated with a cell. For example, each base station 105 may provide communication
coverage for a macro cell, a small cell, a hot spot, or other tvpes of cells, or vanous
combinations thereof. In some examples, a base station 105 may be movable and therefore
provide communication coverage for a moving geographic coverage area 110, In some
exaroples, different geographic coverage areas 110 associated with different technologies
may overlap, and overlapping geographic coverage areas 110 associated with different
technologies may be supported by the same base station 105 or by different base stations 105,
The wireless communications svstem 100 may include, for example, a heterogeneous
LTE/LTE-A/LTE-A Pro or NR network in which different types of base stations 105 provide

coverage for various geographic coverage areas 110,

16078} The term “cell” refers to a logical communication entity used for conumunication
with a base station 105 {(e.g., over a carrier), and may he associated with an identifier for
distinguishing netghboring cells {e.g , a physical cell identifier (PCID), a virtual cell identifier
(VCIDy) operating via the same or a different carmrier. In some examples, a carrier may
support multiple cells, and different cells may be configured according to different protocol
types (e.g., machine-type communication (MTC), narrowband Internet-of-Things (NB-ToT),
enhanced mobile 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 operates.

{6879} UEs 115 may be dispersed throughout the wireless communications system 100,
and each UE 115 may be stationary or mobile A UE 115 mav also be referred to as a mobile
device, a wireless device, a remoie device, a handheld device, or a subscriber device, or some
other suitable terminology, where the “device” may also be referred (o as a umit, a stalion, a
iernunal, or a client A UE 115 may also be a personal electromc device such as a cellular
phone, a personal digital assistant (PI3A), atablet computer, a laptop computer, or a personal
compitter. In some examples, a UE 115 may also refer to a wireless local loop (WLL) station,
an Internet of Things {107 device, an Internet of Evervihing (IoE) device, or an MTC device,
or the like, which may be implemented in vartous articles such as appliances, vehicles,

meters, of the hike.
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[6080] Some UEs 115, such as MTC or IoT devices, may be low cost or low complexity
devices, and may provide for aitomated communication between machines {e.g., via
Machine-to-Machine (M2M) communication}. M2ZM communication or MTC may refer fo
data communication technologies that aliow devices to communicate with one another or a
base station 105 without human infervention. In some examples, M2ZM communication or
MTC may mclode communications from devices that integrate sensors or meters to measure
or capiure information 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 coliect information or enable
automated behavior of machines. Examples of applications for MTC devices imclude smart
metening, inventory monitoring, water level monitoring, equipment monitoring, healthcare
monttoring, wildlife roonitoring, weather and geological event monitoring, fleet management
and fracking, remote security sensing, physical access control, and transaction-based business

charging.

0081] Some UEs 115 may be configured to employ operating modes that reduce power
consumption, such as half-duplex communications {e.g., a mode that supporis one-way
commiunication via transmission or reception, but not transmission and reception
simnultaneously ). In some examples half-duplex communications may be performed at a
reduced peak rate. Other power conservation techmques for UEs 115 nclude entering a
power saving “deep sleep” mode when not engaging in active comnunications, or operating
over a limited bandwidth (e.g., according to narrowband communications). In some cases,
UEs 115 may be designed to support critical functions (e.g., mission critical functions), and a
wireless communications systemn 100 may be configured to provide ultra-reliable

communications for these functions.

16082] In some cases, a UE 115 may also be able {o commumicate divectly 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 communications may be within the geographic coverage
area 110 of a base station 105, Other UEs 113 in such a group may be ocutside the geographic
coverage area 110 of a base station 105, or be otherwise unable 1o receive transmissions from
a base station 105. In some cases, groups of UEs 115 communicating via D2D
comrmunications may ulilize a one-to-many (1:M) systern in which each UE 115 transmits to

every other UE 115 in the group. In some cases, a base station 105 facilitates the scheduling
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of resources for D2D communications. In other cases, 32D commmunications are carried out

between UEs 115 without the involvement of a base station 103.

[6083] Base stations 105 may communicate with the core network 130 and with one
another. For example, base stations 105 may interface with the core network 130 through
backhaul links 132 (e.g., viaan S1, N2, N3, or other interface). Base stations 105 may
communicate with one another over backhaul links 134 (e.g., via an X2, Xn, or other
miterface) either directly (e.g., directly between base stations 105} or indirectly (e.g., viacore

network 130).

{0084 The core network 130 may provide user authentication, access authorization,
tracking, Internet Protocol (IP) connectivity, and other access, routing, or mobility functions.
The core network 130 may be an evolved packet core (EPC), which may include at least one
mobility management entity (MME), at least one serving gateway (5-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 base stations 105 associated with the EPC. User P packets may be
transferred through the S-GW, which #tself may be connected to the P-GW. The P-GW may
provide IP address allocation as well as other functions. The P-GW may be connected to the
network operators IP services. The operators IP services may include access to the Intemet,
Intranet(s), an IP Multimedia Subsystem (IMS), or a Packet-Swiiched (PS) Streaming

Service.

[B08S] At least some of the network devices, such as a base station 103, may include
subcomponents such as an access network entity, which may be an example of an access
node controller {ANC). Each access network entity may commmumicate with UEs 115 through
a number of other access network transmission entities, which may be referred to as aradio
head, a smart radio head, or a transmission/reception point {TRP). In some configurations,
various functions of each access network entity or base station 105 may be distributed across
various network devices {(e.g., radio heads and access network controllers) or consolidated

mto a single network device (e.g., a base station 105).

[6086] Wireless communications system 100 may operate using one or more {requency
bands, tvpically in the range of 300 megahertz (MHz) to 300 gigahertz {GHz). Generally, the

region from 300 MHz to 3 GHz is known as the ultra-high frequency (UHF) region or
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decimeter band, since the wavelengths range from approximately one decimeter o one meter
m length. UHF waves may be blocked or redirected by buildings and environmental features.
However, the waves may penetrate structures sufficiently for a macro cell to provide service
to UEs 115 located indoors. Transmission of UHF waves may be associated with smaller
antennas and shorter range (e.g., less than 100 k) compared {o 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.

G087} Wireless communications systern 100 may also operate in a super high frequency
{SHF) region using frequency bands from 3 GHz to 30 GHyz, 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 may be capable of

iolerating interference from other users.

{6088} Wireless communications svstem 100 may also operate in an extremely high
frequency (EHF) region of the spectrum (e.g., frora 30 GHz to 300 GHz), also known as the
nmuillimeter band. In some examples, wireless communications svstem 100 may support
miflimeter wave {mmW ) communications between UEs 115 and base stations 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 transmisstons may be subject to even greater atmospheric altenuation
and shorter range than SHF or UHF transnussions. Technigues disclosed herein may be
emploved across transmissions that use one or more different frequency regions, and
designated use of bands across these frequency regions may differ by country or regulating
body.

{6089} In some cases, wirgless communications system 100 mayv utilize both licensed and
unlicensed radic frequency spectrum bands. For example, wireless communications system
100 may employ License Assisted Access (LAA), LTE-Unlicensed (LTE-U) radio access
iechnology, 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 base
stations 105 and UFs 115 may employ listen-before-talk (LBT) procedures to enswe a
frequency channel 1s clear before transmitting data. In some cases, operations in unlicensed

bands may be based on a carrier aggregation configuration in conjunction with component
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carriers operating in a licensed band (e.g., LAA). Operations in unlicensed spectrum may
mclude downlink transmissions, uplink fransmissions, peer-to-peer transmissions, or a
combination of these. Duplexing in unlicensed spectruim may be based on frequency division

duplexing (FDD), time division duplexing (TDD), or a combination of both.

5 {6096 In some examples, base station 105 or UE 115 may be equipped with multiple
antennas, which may be used to employ techniques such as transmut diversity, receive
diversity, multiple-input multiple-output (MIMO} convmunications, or bearnfornmung. For
exarople, wireless communications system 100 may use a transmission scheme between a
transmitting device {e.g., a base station 105) and a recetving device {e.g., a UE 115), where

10 the fransmiiting device is equipped with multiple antennas and the receiving device is
equipped with one or more antennas. MIMO commumications may emplov muttipath signal
propagation to increase the spectral efficiency by transmitting or receiving mudtiple signals
via different spatial lavers, which may be referred 1o as spatial nultiplexing. The multiple
signals may, for example, be transmitted by the transmatting device via different antennas or

15 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 associated
with the same data stream {(e.g., the same codeword) or different data streams. Different
spatial layers may be associated with different antenna ports used for channel measurement

20 and reporting. MIMO techniques mclude single~user MIMO (SU-MIMO) where multiple
spatial layers are transmitted to the same receiving device, and multiple-user MIMO (MU-

MIMO} where multiple spatial lavers are transmitted to muitiple devices.

{6091} Beamforming, which may also be referred 1o as spatial filtering, directional
fransmission, or directional reception, 18 a signal processing technique that may be used at a

25 ransmitiing device or a receiving device {e.g., 3 base station 105 or a UE 115} to shape or
steer an antenna beam {(e.g., a transmit beam or recetve beam) along a spatial path between
the transmutting device and the receiving device. Beamforming may be achieved by
combining the signals communicated via antenna elements of an antenna array such that
signals propagating at particular orientations with respect to an antenna array experience

30 constructive interference while others experience destructive interference. The adjustment of
signals commurnicated via the antenna elements may inchude a transmitting device ora

receiving device applying certain amplitude and phase offsets to signals carried via each of
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the antenna elementis 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 receiving

device, or with respect to some other orientation).

{6092} In one exampie, a base station 105 may use multiple antennas or antenna arrays to
conduct beamforming operations for directional communications with a UE 115, For
mstance, some signals (e.g. synchronization signals, reference signals, beam selection signals,
or other control signals) may be transmitted by a base station 105 nuwltiple times in different
directions, which may include a signal being transmitied according to different beamforming
weight seis associated with different directions of transmission. Transmissions in different
beam directions may be used to identifv {e.g., bv the base station 105 or a receiving device,
such as a UE 115} a beam direction for subsequent transmission and/or reception by the base

station 105.

0093} Some signals, such as data signals associated with a particular receiving device,
may be transmitted by a base station 105 i a single beam direction {(e.g., a direction
associated with the receiving device, such as a UE 115). In some examples, the beam
direction associated with transmissions along a single beam direction may be determined
based af least in in part on a signal that was transmitted in different beam directions. For
example, a UE 115 may receive one or more of the signals transmitted by the base station 105
n different directions, and the UE 115 may report to the base station 105 an indication of the
signal it received with a highest signal quality, or an otherwise acceptable signal quality.
Although these techniques are described with reference to signals transmitted in one or more
directions by a base station 105, a UE 115 may employ similar techniques for transmitting
signals multiple times in different directions {e.g., for identifying a beam direction for
subsequent transnussion or reception by the UE 1153), or transmitting a signal in a single

direction (e.g., for transmutting data to a receiving device).

[6094] A vecerving device {e.g.. a UE 115, which may be an example of a mmW
receiving device) may trv multiple receive beams when receiving various signals from the
base station 105, such as synchronization signals, reference signals, beam selection signals, or
other control signals. For example, a receiving device may try mudtiple receive directions by

receiving via different antenna subarrays, by processing recetved signals according {o



10

20

30

WO 2021/007833 PCT/CN2019/096481

12

different antenna subarrays, by receiving according to different receive bearnfornung weight
sets applied to signals received at a plurality of antenna elements of an antenna array ., or by
processing received signals according to different receive beamforming weight sets applied to
signals recetved at a plurality of antenna elements of an antenna array, any of which may be
referred to as “listening” according to different recetve beams or recetve dirgctions. In some
examples areceiving 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 {(g.g., a beam direction determined to have a highest signal strength, highest
signal-to-noise ratio, or otherwise acceptable signal quality based at feast in part on listening

according to multiple beam directions).

6095] Inn some cases, the antennas of a base station 105 or UE 115 may be located within
one or more antenna arrays, which may support MIMO operations, or transmut or receive
beamforming. For example, one or more base station antennas or anteona arrays may be co-
located at an antenna assembly, such as an antenna tower. In some cases, aniennas or antenna
arravs associated with a base station 105 may be located in diverse geographic locations. A
base station 105 may have an anienna array with a number of rows and colunms of antenna
poris that the base station 105 may use to support beamforming of communications with a
UE 115, Likewise, a UE 115 may have one or moore antenna arrays that roay support various

MIMO or beamforming operations.

[0036] In some cases, wireless communications system 100 may be a packei-based
network that operate according to a lavered protocol stack. In the user plane, communications
at the bearer or Packet Data Convergence Protocol (PDCP) layver may be IP-based. A Radio
Link Control (RLC) layer may 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 chanmels. The MAC layer may
also use hybrid automatic repeat request (HARQ) to provide retransmission at the MAC laver
to tmprove link efficiency. In the control plane, the Radio Resource Control (RRC) protocol
layer may provide establishment, configuration, and maintenance of an RRC connection
between a UE 115 and a base station 105 or core network 130 supporting radio bearers for
user plane data. At the Physical layer, transport chanmels may be mapped to physical

channels.
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{60971 In some cases, UFs 115 and base stations 105 may support retransmissions of data
to increase the likelihood that data is received successfully. HAR() feedback is one technique
of increasing the likelihood that data is received correctly over a comnwunication link 125
HARQG may include a combination of error detection {(e.g., using a cvclic redundancy check

5 {(CRLY), forward error correction (FEC), and refransmission {e.g., avtomatic repeat request
{(AR(Q)). HARQ may improve throughpul at the MAC layer in poor radio conditions {e.g.,
signal-to-noise conditions). In some cases, a wireless device may support same-siot HARQ
feadback, where the device may provide HARQ feedback in a specific slot for data received
i a previous symbol in the slot. In other cases, the device may provide HAR( feedback ina

10 subsequent slot, or according to some other time mterval.

{6098} 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 Ts = /30,720,000 seconds. Time
mtervals of a comnwnications resource may be organized according to radio frames each
having a duration of 10 nulliseconds (ims), where the frame period may be expressed as

15 Tr=307,200 Ts The radio frames may be identified by a system frame number (SFN)
ranging from O to 1023. Each frame may include 10 subframes numbered from 010 9, and
gach subframe may have a duration of 1 ms. A subframe may be further divided into 2 slots
each having a doration of 0.5 ms, and each slot may contain 6 or 7 modulation svrnbol
periods {e.g., depending on the length of the cyclic prefix prepended to each symbol period).

20 Excluding the cyclic prefix, each symbol period may contain 2048 sarpling periods. fn some
cases, a subframe may be the smallest scheduling unit of the wireless communications system
100, and may be referred o as a transmission time mierval {TT1) In other cases, a smallest
scheduling unit of the wireless cormmmunications systern 100 may be shorter than a subframe

or may be dynamically selected (e.g., in bursis of shortened TTis (sTTIs) or in selected

a
LA

component carners using sTTs).

[6099] In some wireless communications svstems, a slot may further be divided into
multiple nuni-slots containing one or more symbols. In some instances, a symbol of a mini-
slot or a mini-siot may be the smallest unit of scheduling. Each symbol may vary in duration
depending on the subcarrier spacing or frequency band of operation, for example. Further,
30 some wireless communications systems may implement slot aggregation in which multiple
slots or mini-slots are aggregated together and used for commumication between a UE 11§

and a base station 105
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{0106} The term “carrier” refers to a set of radio frequency spectrum resources having a
defined physical laver structure for supporting communications over a conmunication fink
125. For example, a carmier of a communication link 125 may inchude a portion of a radio
frequency spectrum band that is operated according to phvsical layer channels for a given
radio aceess technology. Each physical laver channel may carry user data, control
mformation, or other signaling. A casrier may be associated with a pre~-defined frequency
channel {e.g., an evolved universal mobile telecommunication system terrestrial radio access
{(E-UTRA) absolute radio frequency channel number (EARFCN)), and may be positioned
according to a channel rasier for discovery by UEs 115, Carriers may be downlink or uplink
{e.g., in an FDD mode}, or be configured to carry downlink and uplink commumnications {e.g..
i a TDD mode). In some examples, signal waveforms transmitted over a carrier may be
made up of multiple sub-carriers {e g., using multi-carner modulation (MCM) techimques
such as orthogonal frequency division muliplexing (OFDM) or discrete Fourier transform
spread OFDM (DFT-S-OFDM)).

0101] The organizational structire of the carriers may be different for different radio
access technologies (e.g., LTE, LTE-A, LTE-A Pro, NR). For example, communications over
a carrier may be organized according to TTIs or slots, each of which may include user data as
well as control information or signaling to support decoding the user data. A carrier may also
mclude dedicated acquisition signaling (e.g., synchronization signals or system information,
ete.) and control signaling that coordinates operation for the carrier. In some exarples (e.g..
i a carrier aggregation configuration), a carrier may also have acquisition signaling or

control signaling that coordinates operations for other carriers.

{0182} Physical channels may be multiplexed on a carrier according io various
technmques. A physical control channel and a physical data channel may be multiplexed on a
downlink carner, for example, using time division multiplexing (TDM) technigues,
frequency division multiplexing (FDM) techniques, or hybrid TDM-FDM techniques. In
some examples, control information transnitied in a physical control channel may be
distributed between 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 regions or UE-

specific search spaces).
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{0103} A carrier roay be associated with a particular bandwidth of the radio frequency
spectrun, and in some examples the carrier bandwidth may be referred to as a “system
bandwidth” of the carrier or the wireless communications system 100. For example, the
carrier bandwidth mav be one of a number of predetermined bandwidths for carriers of a
particular radio access technology (e.g., 1.4, 3, 5, 10, 15, 20, 40, or 80 MHz). In some
examples, each served UE 115 may be configured for operating over portions or all of the
carrier bandwidth. In other examples, some UEs 115 may be configured for operation using a
narrowhand protocol type that is associated with a predefined portion or range (e.g., set of
subcarriers or RBs) within a carrier {e.g., “in-band”™ deployment of a narrowband protocol

vpe)

{0104] In a system employing MUM techniques, a resource element may consist of one
symbol period (e.g., a duration of one modulation symbol} and one subcarrier, where the
symbol period and subcarrier spacing are mversely related. The number of hits carried by
each resource element may depend on the modulation scheroe (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 mav be for the UE 115. In
MIMO systems, a wireless communications resource may refer to a combmation 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 further increase the data rate for conumunications with a
UE 115,

[06105] Devices of the wireless commmunications system 100 {e.g., base stations 105 or
UFs 115) may have a hardware configuration that supporis communications over a particular
carrier bandwidth, or may be configurable {0 support communications over one of a set of
carrier bandwidths. Tn some examples, the wireless comnmumications system 100 may include
base stations 105 and/or UEs 115 that support simudfaneous communications via carriers

associated with more than one different carrier bandwidth.

{0106] Wireless coramunications svstem 100 may support communication with a UE 115
on multiple cells or carriers, a feature which may be referred to as carrier aggregation or
multi-carrier operation. A UE 115 may be configured with multiple downlink component
carriers and one of more uphink component carriers according to a carrier aggregation

configuration. Carrier aggregation may be used with both FDD and TBD component cariers.
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61671 In some cases, wireless communications system 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 TTI duration,
or modified control channel configuration. In some cases, an eCC may be associated with a
carrier aggregation configuration or a dual cormectivity configuration (e.g., when muliiple
serving cells have a suboptimal or non-ideal backhaul ink). An eCC may also be configured
for use m unlicensed spectrum or shared spectrum (e.g., where more than one operator is
allowed to use the spectrum). An eCC characterized by wide carrier bandwidth may mclude
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 1o use a limited carrier bandwidth (e g,

{0 conserve power).

{6108] In some cases, an eCC may uitlize a different symbol duration than other
component carners, which may include use of areduced symbol duration as compared with
symbol durations of the other component carriers. A shorter symbol duration may be
associated with increased spacing between adjacent subcarriers. A device, suchasa UE 115
or base station 105, wilizing eCCs may transmit wideband signals (g.g., according o
frequency channel or carrier bandwidihs of 20, 40, 60, 80 MHz, etc.) at reduced symbol
durations (e.g., 16.67 microseconds). A TTTin eCC may consist of one or multiple symbol
periods. In some cases, the TTT duration {that is, the number of symbol periods 10 a TTI) may

be vanable.

{06109} Wireless communications system 100 may be an NR svstern that 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 muliiple spectrums. Tn some examples, NR shared spectrum may increase spectrum
uttlization and spectral efficiency, specifically through dynamic vertical {e.g., across the

frequency domain) and horizontal {e g.. across the time domain) sharing of resources.

{0116} A relay node {e.g.. a base station 103 and/or a UE 113 acting or otherwise
configured as a relay node within an TAB network) may determine a channel status for each
of a plurality of downlink beamfornmung directions batween a parent node and the relay node
based at east in part on a downlink beamforming direction between the relay node and a

child node. The relay node may transmit a report to the parent node indicating at least a
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subset of the channel statuses and an indication that a respective downlink beamforming
direction of the plurality of downlink beamforming directions corresponds 1o a respective
channel status in the subset of the channel statuses. The relay node may receive a grant from
the parent node indicating a first downlink beamforming direction from the plurality of
downlink beamforming directions. The relay node may momitor for a downlink transmission
from the parent node based at least in part on the grant and the first downhink beamforming

direction.

{06111} A relav node (e.g., a base station 105 and/or a UE 115 acting or otherwise
configured as a relay node within an TAB network) may determine a channel status for each
of a plurality of uplink beamforming directions between a parent node and the relay node
based at least in part on an uplink beamforming direction between the relay node and a child
node. The relav node may transmit an aplink reference signal to the parent node using at least
a subset of the plurality of uplink beamforming directions based at least in part on the channel
statuses. The relay node may receive a grant from the parent node indicating a first uphink
beamforming direction from the plurality of uplink beamforning directions. The relay node
may transmit, via the first uplink beamforming direction, an uplink transmission fo the parent

node based at least in part on the grant.

6112} A parent node (e.g., a base station 105 and/or a UE 115 acting or otherwise
configured as a parent node within an IAB network) may receive a report from a relay node
mdicating a set of channel statuses and a respective downlink beamforming direction of a
plurality of downlhink beamforming directions between the parent node and the relay node
that corresponds to a respective channel status in the set the channel statuses, the set of
channel statuses determined for the phurality of downlink beamforming directions between
the parent node and the relay node based at least in part on a downlink beamforming direction
between the relay node and a child node. The parent node may ransmit a grant to the relay
node indicating a first downlink beamforming direction from the plurality of downlink
beamforming directions based at least in part on the report. The parent node may transmit a
downlink transmission 1o the relay node based at least in part on the grant and the first

downlink beamforming direction.

0113} A parent node {e.g.. a base station 105 and/or a UE 115 acting or otherwise

configured as a parent node within an IAB network) may receive an uplink reference signal
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from a relay node transnutted using a subset of a plurality of uplink beamformang directions.
The parent node may transmit a grant to the relay node indicating a first uplink beamforming
direction from the plurality of uplink beamforming directions based at least in part on the
uplink reference signal. The parent node may monitor for an uplink transmission from the

relay node based at least in part on the grant and the first uplink beamforming divection.

{6114} FiG. 2 illustrates an example of a wireless communication system 200 that
supports heamforming determination for TAB system with full duplex in accordance with
aspects of the present disclosure. In some examples, wireless conwounication system 200 may
implement aspects of wireless communication system 100, Wireless communication sysiem
200 may inchude parent node 205, relay node 210, child node 215, and UE 220, which may

be examples of corresponding devices described herein. More particularly, parent node 203,
relay node 210, and/or child node 215 may be examples of the UE (such as UE 220} or a base
station, such as described herein. Wireless communication svstem 200 may be configured, at
least to some aspects, as an IAB network. Accordingly, parent node 2053, relay node 210,

and/or child node 215 may be considered nodes within the IAB network.

0115] lext generation {e.g., 5(3) wireless networks are expected to provide ultra-high
data rates and support a wide scope of application scenarios. Wirelass full duplex (FD)
communications may double the link capacity and support radio network nodes transmitting
and receiving simultaneously on the same {requency band and at the same tiroe slot. This
contrasts with half duplex operations where transmission and reception either differ in time or

n frequency.

{6116} I some cases, an TAR system (such as wireless conwmunication svstem 200) may
melude an 1AB-donor {e. g, parent node 205, in some examples), an LAB node {(e.g , relay
node 210 and/or child node 215) and UE {e.g., UE 220). Multiple IAB nodes may be
connected in bine to improve coverage, where for a certain IAB node, the node closer to the
IAB donor {e.g., an upsiream node) ts called as its parent node, and the one on the other side
{e.g.. a downstrearn node) 15 called as its child node. Thus, parent node 205 may be closer to
a donor node or anchor node than relay node 210 and/or child node 215, Parent node 205 may
be a parent node with respect to relay node 210 and a grandparent node with respect to child
node 215, In some aspecis, parent node 205 may be a donor node or may simply be an

upstream relay node within the TAB network from the perspective of relay node 210 and/or
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child node 215, Relay node 210 may be considered a child node from the perspective of

parent node 205 and a parent node from the perspective of child node 215,

6117} For a certain TAB node {(e.g., relay node 210}, there may be six kinds or types of
links: a downlink (DL} parent backhaul (BH} link and an uplink (UL) parent BH link with its
parent node, a DL child BH link and an UL child BH link with its child node, and a DL
access link and UL access hnk with its served UE. Accordingly, relay node 210 may have DL
and UL parent BH links with parent node 205, DL and UL child BH links with child node
215, and DL and UL access links with UE 220. In some examples, relay node 210 may also
have DL and UL access links with child node 215 for access communications, e.g., similar to

the DL and UL access links with UE 220.

{0118] in a fegacy 1AB system without full duplex, for an 1AB node, its transmussion and
reception cannot be performed concurrently. Among iis six kinds of links {e.g., from the
perspective of relay node 210), the DL parent BH, UL child BH and UL access links are
reception links, while the UL parent BH, DL chuild BH and DL access links are transmission
hnks. Any reception link and any transnussion link cannot have data transfer concurrently in
a non-full duplex mode of operations. When the transmission and reception traffic are static,
the pattern for non-concurrent transmission and reception time slots can be based according
to the proportion of transmission traffic and reception traffic. However, when the
transmassion and reception traffic are dynamic, or sorse urgent traffic occurs in an inverse-
direction time slot, such non-concwrrent transruission-reception pattern cannot satisty the
requirements. Moreover, the half-duplex mode restricts the radio resource specirum
efficiency and hence lowers the system throughpwt. Accordingly, aspects of the described
technmiques may support using full duplex technology to enable concurrent transmussion and
reception at [IAB node {such as relay node 210), such that the dynamic traffic allocation,
improved system capacity, and the capability to quickly deliver any divectional packet is

supported.

6119 In accordance with aspects of the described techniques, a full-duplex network
node (e.g., parent node 205, relay node 210, and/or child node 215}, such as a base station
and/or UE in a cellular network, may communicate simultaneously in uplink and downlink
with two half-duplex terminals using the same radio resources. Another example wireless full

duplex application scenario is that one relay node can communicate simulaneously with the
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anchor node and the mobile terminal in a one-hop scenario, or with the other two relay nodes
m a multi-hop scenario. By doubling each single-link capacity, full duplexing significantly
mcreases the system throughput in diverse applications in wireless communication network

200, and also reduces the transfer latency for time critical services.

{6120} Aspects of the described techniques support deciding an enhanced {e.g., optimal)
beamforming direction (e.g., precoding weight) in an IAB node chain where the full duplex
mode 15 activated at each 1AB vode {(e.g., each parent node 203, relay node 210, and/or chuld
node 215 of the IAB network), because the DL/UL bearaforming parameters and channel

statuses along the chain may be closely coupled.

6121} Aspects of the described techniques provide an efficient scheme that supports the
parent node 205 determining the beamforming direction (e g., precoding weight) for the
parent BH link based on TAB node’s (e.g., relay node 210} feedback mformation on its fidl

duplex beamforming direction {e.g., precoding weight).

{6122} Aspects of the described techniques may support in-band full-duplex
iransmissions. One aspect of enabling full-duplex transmissions is the capability (o cancel
self-interference from downlink to uplink, or vice versa. The nodes of wireless
communication system 200 may support full-duplex radio designs that can suppress up to 110
dBm, or more, of such self-interference by combining the technologies of beamforming,
analog cancellation, digital cancellation, antenna cancellation, and the like. Aspects of the
describe techniques support beamforming divection determination i both downlink (or

downstream) and uplink {or upstream) transmissions within the 1AB network.

{0123} It the downlink scenario, this may include an [AB system with full duplex (e.g.,
wireless commmunication system 200} where, for a particular TAB node (e.g., relay node 210},
the transmission{s} and reception(s} are being performed concurrently. The transmitted signal
with a certain beamforming direction {(e.g., precoding matrix, antenna pori, efc.) may cause
self-interference with respect to the recetved signal and different beamforming directions
would cause different self-interference strengths. To reduce or eliminate such self-
mterference, aspects of the described techniques may include the signal being transmitted in a
proper beamforming direction(s) {e.g., i atleast a first downlink or uplink bearnforming
direction). Due to this, aspects of the described techniques may support a beamforming

direction determination scheme for the TAB node with full duplex, such as relayv node 210.
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16124] In some aspects, the downlink data transfer of information (e.g., downlink
transmission{s}} may include the relay node 210 determining a channel status for each of a
plurality of downlink beamforming directions between parent node 205 and relay node 210
based at least in part on a downlink beamforming direction between relay node 210 and child
node 215, For example, relay node 210 may determine a plurality of beamforming directions
{e.g., precoding matrixes, anlenna ports, etc.) in the DL child BH link between relay node
210 and child node 215 and/or the DL access link between relay node 210 and UE 220. These
beamforming directions may be selected to enhance the channel status of the DL child BH
kink and/or the DL access link. That is, the best of these beamforming directions may
constitute the downlink beamforming direction(s} between relav node 210 and child node

215,

16125] Based on the self-interference caused by the determined beamforming direction(s}
between relay node 210 and chuld node 213, relay node 210 may deternune the downlink
beamforming directions in the DL parent BH hink which has at least a defined channel status
{e.g., maximum SINR), has a highest channel status, for example, under self-imterference.
Such beamforming direction may be represented by a channel status information reference
signal {CSI-RS) resource indicator {CRI}, a precoding matric indicator (PMI), and the like.
The relay node 210 may determine the CSI {e.g., CR], rank indicator (R}, PMI, channel
quality indicator (CQ1), etc.) of the DL parent BH hink between relay node 210 and parent

node 205 for a full duplex mode.

{0126} Relay node 210 may transmut a report to parent node 205 1ndicating at least a
subset of the channel statuses and an indication that a respective downlink beamforming
direction of the plurality of downlink beamforming directions corresponds 1o a respective
channel status in the subset of charmel statuses. For example, relay node 210 may report the
CS1 of the DL parent BH link to parent node 205 for both a non-full duplex mode and a full
duplex mode, respectivelv, for each of the one or more downlink beamforming directions

between the relay node 210 and the child node 215,

0127} Parent node 205 may receive the report and transnut a grant to relay node 210
mdicating a first downlink beamforming direction from the plurality of downlink
beamforming directions based at least in part on the report. For example, parent node 203

may determine the beamforming direction(s} and radio resource allocation(s} for the DL
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parent BH link for the non-full duplex mode and/or the full duplex mode and then indicate

this to relay node 210 in the grant, for example, or in multiple grants.

6128] Relay node 210 may monitor for and receive a downlink transmission from parent
node 205 based at least in part on the grant and the first downlink beamforming direction. For
example, relay node 210 may use the radio resource(s) for the full duplex mode to schedule
the transmission along with the determined beamforming directions at the DL chuld BH link
between relay node 210 and child node 215 and/or the DL access link between relay node

210 and UE 220.

{0129} I the uplink scenarto, relay node 210 may determune a channel status for each of
a plurality of uplink beamfornung directions between parent node 205 and relay node 210
based, at least in some aspects, on one or more uplink beamforming directions between relay
node 210 and child node 215. For example, relay node 210 may determine a plurality of
beamforming divections {(e.g., precoding malrixes, anlenna ports, et¢.} in the UL child BH
hnk between relay node 210 and child node 215 and/or the UL access link between relay
node 210 and UE 220. These beamformang directions may be selected to enhance the channel
status of the UL child BH link and/or the UL access link. Based on these determined
beamforming directions, relay node 210 may determine the beamforming directions in the
UL parent BH link that satisfv some kind of criterion {(e.g., satisfy a threshold) related to the
SINR, for example, at the UL parent BH hink, the UL child BH link and/or the UL access
links. Such beamforming direction can be represented by SRI, transmutted PMI (TPMI), and
the hike.

[0130] Relay node 210 may transmut an uplink reference signal to parent node 205 using
at least a subset of the plurality of uplink beamforming directions between relay node 210
and parent node 205 based, at least in some aspects, on the channel statuses. For example,
relay node 210 may transmit or otherwise send sounding reference signal (SRS)
transmission(s) in the determined beamforming directions on the UL parent BH hink to parent
node 205, Relay node 210 may also indicate to parent node 205 whether each transnutted
SRS 1s for a full duplex mode or anon-full duplex mode. For example, relav node 210 may
transmit a first uplink reference signal {or synchronization signal) to parent node 205 for a

non-full duplex mode and a second uplink reference signal {or synchronization signal) to
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parent node 205 for a full duplex mode. Relay node 210 may also indicate to parent node 205

which reference signal is for which mode, e.g., either full duplex or non-full duplex.

{0131} Parent node 205 may receive the uplink reference signal(s} from relay node 210
and transmit a grant to relav node 210 indicating a first uplink beamforming direction from
the phurality of beamforming directions based, at least in some aspecis, on the uplink
reference signal(s). For example, parent node 205 may determineg the beamforming
direction(s) and radio resource allocation{s) for the UL parent BH link for the non-tull duplex
mode and for the full duplex mode respectively, and then indicate this information to relay

node 210.

{0132} Relay node 210 may receive the grant from parent node 205 and transmit an
uplink transmission to parent node 205 using the first uplink beamforming direction and
based at least in pait on the grant. For example, relay node 210 may use the radio resource(s}
for the full duplex mode to schedule UL child BH link and/or UL access hink transmissions,
along with the determined beamfornung directions at the UL child BH link and/or the UL

access link.

6133} Accordingly, wireless communication system 200 provides or 1s otherwise
configured to support a method for a full duplex basad 1AB network to execute beamforming
determination for both downlink and uplink data transfers. In the determination process, the
beamformed channel status in the parent backhawd link, child backhaul link and/or access link
are jointly considered, and the scheduling result 15 targeted to generate enhanced and
balanced throughputs m all of these links. Wireless conwnunication system 200 leverages
aspects of conventional techmques, but adds a small number of additional information

elements between relay node 210 and its parent node 2035,

{6134] Fi{z. 3 illusirates an example of a process 300 that supports beamforming
deternunation for IAB system with full duplex in accordance with aspects of the present
disclosure. In some examples, process 300 may implement aspects of wireless
commumnication systems 100 and/or 200. Aspects of process 300 may be implemented by
parent node 305, relay node 310, child node 315, and/or UE 320, which may be examples of
corresponding devices described herein. That is, parent node 303, relay node 310, and/or

child node 315 may be examples of the nodes within an {AB network, which may be



10

20

30

WO 2021/007833 PCT/CN2019/096481

36

iroplemented in a base station and/or a UE as described herein. Broadly, process 300

iHlustrates one example for downlink beamform determination in an AB network.

{0135] At 325, relay node 310 may determune a plurality of beamfornung directions at the
downlink child backhaul link between relay node 310 and child node 315 and/or at the
downlink access link between relay node 310 and UE 320. In some aspects, relay node 310
mayv determine the beamforming directions of the downhnk child backhaul link and/or the
downlink access hink using a vanety of approaches. One approach may include relay node
310 transouthing SSB(s), CSI-R8(s), etc., by which child node 315 and/or UE 320 chooses a
preferred (e g, optimal) beamforming direction in the downlink child backhaul or downlink
access links, respectively, and then feeds back reporting information fo relay node 310, e.g.,
in a channel status feedback report. Another approach may be that relay node 310 receives
SRS(s) from child node 315 and/or UE 320, and then determines the beamforming directions
i the uplink child backhaul and/or uplink access hinks, respectively, according to the quality
of the recerved signal. Relay node 310 may use these beamforming directions in the downlink

child backhaul and/or downlink access kinks according to channel reciprocity.

0136] At 330, parent node 305 may transmit {and relay node 310 may receive} one or

more reference signals, such as C5I-R5s.

0137} At 333, relay node 310 may determine a plurality of beamforming directions at the
downlink parent backhaul link for a full duplex mode based, at least in some aspects, on the
determined beamforming directions al the downlink child backhaul link and/or the downhink
access link, e.g.. based on the beamforming directions determuned at 325. For example, the
plurality beamforming directions may be determined based on the beamforming directions

deternuned at 325 and the reference signals received at 330.

{6133} At 340, relay node 310 may determine a plurality of beamforming directions at the
downlink parent backhaul link for the non-full duplex mode. For example, the plurality

beamforming directions may be determined based on the reference signals received at 330.

{0139] At 345, relay node 310 may dentify or otherwise determine the channel statuses

{e.g., CST) for the non-full duplex mode and for the full duplex mode, respectively.

{0140] Accordingly, relay node 310 may determine the beamtorming direction’s channel

statuses {e.g., CS1) in the downlink parent backhaul ok for the full duplex mode. This mav
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mchade relay node 310 determining the beamforming directions in the downlink parent
backhaul link based on the channel gain of the beamformed channel in the downlink parent
backhaul link (denoted as § p) and the self-interference caused by the beamformed channel
in the downlink child backhaud link and/or downlink access link to the beamformed channel
m the downlink parent backhaul link {denoted as I ¢2p). The beamformed channel and the
downlink child backhaul and/or downlink access hinks may be generated by the previously
determined beamforming directions, e.g., the beamforming directions determined at 325, One
example of the criteria that can be used for the selection of the beamforming directions in the
downlink parent backhaul link may include, but is not limited to, relay node 310 identifving a
beamforming direction assoctated with a defined (e.g., maximum} value of 8 _p/l ¢2p. Relay
node 310 may then determine the chamnel status or €81 {e.g., CRY, RI, PMI, {31, etc.) of the
downlink parent backhaul link with the full duplex mode. In some aspects, the downlink
beamforming direction can be represented by CRI (e g, if the beamformed CSI-RSS is sent

at 330) or PMI (e g, if the non-beamformed (ST RS is sent at 330),

0141] At 350, relay node 310 may transmit {and parent node 305 may receive} a report
{e.g., a CS1 report) for the non-full duplex mode and the full duplex mode, with a report
containing flags to indicate or otherwise identiify the US1 report with the corresponding mode.
That 1s, a report may contain a flag identifving a first C51 as corresponding o the non-~{ull
duplex mode and another tlag identifving a second CSI as corresponding to the full duplex
mode. Thus, relay node 310 may transmut or otherwise send a CSI report for the full duplex
mode and the non-full duplex mode {o parent node 305, with the flag indicating or identifying
the non-full duplex mode and full duplex mode for each 81 {e.g., the subset of channel
statuses) contained in the report. The CS1 report may indicate a set of channel status
mformation and indicate to which beamforming direction between the parent node 305 and

the relay node 310 each instance of the channel status information corresponds.

{3142} At 355, parent node 305 may determine the one or more beamforming directions
and one or more radio resource allocations {e.g., time, frequency, spatial, code, etc.,
resources) for the non-full duplex mode and full duplex mode. respectively. In some aspecits,
the radio resource allocation division between the full duplex mode and the non-full duplex
mode may be in the time domain, a frequency domain, or a mixture of the time-frequency

domain.



10

15

20

[N0]
A

WO 2021/007833 PCT/CN2019/096481

38

0143} In some aspects, this may mclude parent node 3035 determining the radio resource
allocation for the downlink parent backhaul link for the full duplex mode and for the non—
full duplex mode, respectively. This may depend on the throughpus, traffic situations, etc., in
the downlink parent backhaul link and the downlink child backhaul link and/or downlink
access links. For example, assuming the throughput of the downlink parent backhaul hnk s
T1 for the non-full duplex mode and T2 for the full duplex mode, the throughput of the
downdink child backhaul/downlink access links moay be Ts in the full duplex mode. The target
throughput ratio for the downlink parent backhaul link over the downlink child
backhaul/downlink access links may be denoted as {5, and the radio resource ratio for the non-
full duplex mode over the full duplex mode may be v, In this context, parent node 305 may
Tyy

implement the formula: § = g Therefore, parent node 305 may calculate otherwise

i
2

.

determine—
y+1

. ) 1
as the radio resource percentage for the non-{ull duplex mode and s the

radio resource percentage for the full duplex mode, which may be calculated from the values
T1, Tz, T3, and §. Next, the non-full duplex mode beamforming divection and the full duplex
bearnfornuing direction, as reported by relay node 310 at 350, may be adopted at the allocated
radio resources in the downlink parent backhaul ink for the full duplex mode and the non-
full duplex mode, respectively. in some examples, the parent node 305 may select one or
more of the reported beam directions based on the throughput and the corresponding channel

status{es).

{6144} At 360, parent node 305 may transmit {and relay node 310 may monitor for and
receive) a grant (e.g., a downlink grant} identifving at least a first downlink beamtormed
divection and the radio resource allocations for both the non-full duplex mode and the full
duplex mode. For example, the grant may include a first flag identifying the downlink
beamforming directions and radio resource allocations for the non-full duplex mode and a
second flag identifving the downlink beamforming directions and radio resource allocations
for the full duplex mode. Accordingly, parent node 305 may transmt downlink grant(s) for
the full duplex mode and the non-full duplex mode to relay node 310, with the grant
containing one or more flags indicating or otherwise identifying the non-~full duplex mode

and the full duplex mode configuration/allocation of each downlink grant.
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[6145] At 363, parent node 305 may transmit {and relay node 310 may monitor for and
receive) a transmission on the downlink parent backhaul link using the beamforming

direction and corresponding radio resource allocation for the non-full duplex mode.

{3146] At 370, parent node 305 may transmit {and relay node 310 may monitor for and
receive) a transmission on the downlink parent backhaul link using the beamforming

direction and corresponding radio resource allocation for the full duplex mode.

{8147} Concurrently with the transmission at 370, at 375 relay node 310 may fransmmi
{and child node 315 may monttor {or and receive) a downlink transmission on the downlink
child backhaul link using the bearnforning direction and corresponding radio resource

allocation for the full duplex mode.

{0143] Concurrently with the transmissions at 370 and/or 375, at 380 relay node 310 may
transmit {and UE 320 may montitor for and receive) a downlink transmission on the downlink
access link using the beamforming direction and corresponding radio resource allocation for
the full duplex mode. That 1s, in accordance with full duplex operations, the transmissions at
376, 375, and/or 380 may be performed concurrently. Accordingly, relay node 310 may
receive the downlink transmussion from parent node 305 at 370 whale performing the

downlink fransnussions to the child node 315 at 375 and/or to the UE 320 and 384,

{0149] FIG. 4 illustrates an example of a process 400 that supports beamfornung
determination for TAB systern with full duplex in accordance with aspects of the present
disclosure. In some examples, process 400 may implement aspecis of wireless
communication systems 100 and/or 200 or process 300, Aspects of process 400 may be
inmplemented by parent node 403, relay node 410, child node 415, and/or UE 420, which may
be exaroples of corresponding devices described herein. That 1s, parent node 405, relay node
410, and/or child node 415 may be examples of the nodes within an IAB network, which may
be implemented in a base station and/or a UE as described herein. Broadly, process 400

tlustrates one example for uplink beamform determination in an 1AB network.

{0150} At 425, relay node 410 may determine a plurality of beamforming directions at the
uplink child backhaul link between relay node 410 and child node 415 and/or at the uplink
access link between the relay node 410 and UE 420. For example, in one option relay node
410 may transnut SSBs, CSI-RS, etc., by which the child node 415 and/or UE 420 may use to

choose an optimal beamforming direction for the downlink child backhaul ink/downlink
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access link, respectively. Child node 415 and/or UE 420 may then provide a report to relay
node 410 indicating feedback information for the respective links. Relay node 410 may use
the feedback information (e.g , the identified optimal beamforming directions) ag the
determined beamforming directions according to a channel reciprocity. In another option,
relay node 410 may recetve one or more SRS, CSI-RS, etc., {rom child node 415 and/or UE
420 and use these reference signals to determine the beamforming directions in the aplink
child backhaul link and/or uplink access hink, respectively, according to the quality of the

received uplink signals.

{0151} At 430, relay node 410 may determine a plurality of beamforming directions at the
uplink parent backhaul link for the full duplex mode based on the determined beamforming
directions at the uplink child backhaul link and/or the uplink access link, e.g., as determined

at 425.

[6152] At 438, relay node 410 may transmit (and parent node 405 may monitor for and
receive) an uphink reference signal (e.g., an SRS) for the tull duplex mode. At 440, relay node
410 may transnut (and parent node 405 may monttor for and receive) an uplink reference
signal {e.g., an SRS} for the non-full duplex mode. In some examples. the SRS for FD mode

mayv be sent along with one or more determined beamforming directions.

153] At 4435, relay node 410 may transrmit {and parent node 405 may receive) a signal
identifyving or otherwise indicating the purpose of the uplink reference signals. For example,
the signal may indicate that the uplink reference signal transmitied at 435 corresponds to the
full duplex mode and that the uplink reference signal transnutted at 440 corresponds to the
non-full duplex mode. In soroe examples, relay node 410 may 1roplicitly indicate whether the
uplink reference signal 1s for full duplex mode or non-full duplex mode based on the resource
position of the uplink reference signal. For example, a first resource may be used fo fransmit
an SRS for non-full duplex mode, and a second, different resource, may be used {6 transmut

SRS for full duplex mode.

{0154] Accordingly, refay node 410 may transmoit SRS 1o the uplink parent backhaud tink
for the full duplex mode and the non-full duplex mode to parent node 405. The SRS {or the

full duplex mode may be sent along with the determined beamfornung direction. Relay node
410 may transmit a message to parent node 405 to indicate whether each SRS is for the non-

full duplex mode or for the full duplex mode.
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[6155] Relay node 410 may determine the bearmmforming directions for the uphink parent
backhaul link for the full duplex mode based, at least in some aspects, on the functions
performed at 430, 435, 440, and/or 445. This may include relay node 410 determining the
beamforming directions in the uplink parent backhaul Hink based on the channel gain of the
5 beamformed chanmel in the uplink parent backhad! hink (denoted as S_p} and the self-
mterference caused from the beamformed channel in the uphink parent backhaul hink with
respect to the beamformed channel in the uplink child backhaul ink and/or the uplink access
hink (denoted as I p2¢), where the beamformed channel in the uplink child backhaul link
and/or uplink access link is generated by or based on the previously determined beamforming
10 directions, e.g. those determined at 430. One example of a criterion that can be used for the
selection of the beamforming directions in the uplink parent backhaul link is that the uplink
beamforming direction can have a maximum value of S p/l pZc IS p is unknown by relav
node 410, the criterion can be the beamtorming directions that has a minimum value of

1 pZc.

15 [0156] Accordingly, relay node 410 may deternune the channel status for each of a
plurality of uplink beamforming direciions between parent node 405 and relay node 410
based, at feast in some aspects, on the uplink beamforming direction between the relay node

410 and child node 415 and/or between relay node 410 and UE 420,

3157} At 450, parent node 405 may delerming one or more beamforming directions
20 and/or one or more radio resource allocations for the non-full duplex mode and for the full
duplex mode, respectively. In some aspects, parent node 405 may determine the
beamforming directions and a radio resource allocations for the full duplex mode and the
non-full dupiex mode according to the techniques discussed above with respect o process
300, e.g., at 355 of process 300, In some aspects, the radio resource allocation division
25 between the full duplex mode and the non-full duplex mode may be in the time domain, a

frequency domain, or a mixture in the time-frequency domain.

6158} At 455, parent node 405 may transmit {and relay node 410 may monitor for and

receive) an uplink grant (or uplink grants) that identifies the determined beamfornung

directions and/or radio resource allocations and, at least in some aspects. includes a flag
30 indicating whether the beamforming directions/radio resource allocations are for the full

duplex mode or for the non-full duplex mode. Accordingly, parent node 405 mayv transmit an
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uplink grant for the full duplex mode and for the non-full duplex mode to relay node 4190,
with the flag in each grant indicating whether the grant is for the non-full duplex mode or for
the full duplex mode. In some aspects, the beamforming directions {e.g., the first uplink
beamforming direction) may be represented by an SRI (e.g., if the beamformed SRS is sent at

435/440), or TPMI (e.g., if' the non-beamformed SRS 15 sent at 435/440).

{6159} At 460, relay node 410 may transmit {and parent node 405 may monitor for and
receive) an uphink transroission on the uphink parent backhaul link using a non-full duplex

mode resource.

{0160} At 465, relay node 410 may transnut (and parent node 405 may monitor for and

recetve} an uplink transmission on the uplink parent backhaul link using a full duplex mode
resource. In some examples, a radio resource division between the full duplex mode and the
non-full duplex mode may be in the time domain, the frequency domain, or a mixed time-

frequency domain, or the like.

{0161} Concurrently with the fransmission at 465, at 470 child node 415 may transmit
{and relay node 410 may monitor for and recetve) an uphink transmission on an uplink child

backhaul link using a full duplex mode resource.

0162} Concurrently with the transmissions at 465 and 470, UE 420 may transmit (and
relay node 410 may monitor for and receive) an uphink transnussion on an uplink access hink
using a full duplex mode resource. That is, the uplink transmissions at 465, 470, and/or 475,
may be full duplex transmussions in that relay node 410 can receive the uplink transmissions
from child node 415 and/or UE 420 on their respective links while concurrently performing

an uplink transmussion to parent node 4035 on the uplink parent backbhaul hink.

[3163] FIG. 8 illustrates an example of a wireless communication system SO0 that
supports heamforming determination for TAB system with full duplex in accordance with
aspects of the present disclosure. In some examples, wireless conununication system 500 may
implement aspects of wireless communication systems 100 and/or 200, and/or processes 300
and/or 400. Aspects of wireless comumumication system 500 may be implemented by parent
node S03, relay node 510, and/or ¢child node 515, which may be examples of the
corresponding devices described herein. That s, parent node 503, relay node 510, and/or
child node 515 may be examples of nodes within an 1AB network, which moay be

implemented in a base station and/or a UE as described herein. In some examples, child node
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515 may be a child node communicating with relay node 510 via an access link {e.g., acting
as a UE, e.g., implementing a MT function, from the perspective of relay node 510} or may
be an actual UE communicating with relay node 510 via an access link. Broadly, wireless
commugnication system 500 illustrates one example for downlink beamform determunation in
an FAB network. Broadly, relay node 510 may be configured for, or otherwise support, full

duplex mode operations.

[3164] In some aspects, parent node S05 (which may be an example of a donor/anchor
node or an upsiream relay node from the perspective of relay node 310) may use transmit
{Tx) beam 1 or transmit beam 2 in a downlink parent backhaul link for communications with
retay node 510. Correspondingly, relav node 510 may use receive (Rx) beam 1 or receive
beam 2 for downstream commmunications with parent node S0S. For example, parent node 505
may use transmit beam 1 and relav node S10 may use receive beam | for direct or line of
sight communications or may use transimit beam 2 and receive bearn 2 for indirect
communications {e.g., transmut beam 2 roay bounce off of a reflective object towards relay
node 510}, Generally, transmit beam #/receive beam | may have or otherwise achieve a
higher beamforming channel gain than transmit beam 2/receive beam 2 without other

interference.

{3165} Relav node 510 may use the same radio resource allocation for s downlink
access link with child node 515 using transmut beam 3. That is, relay node 510 may select the
transimat beam 3 since it has a highest channel gain in the downlink access link. However,
tvpically transmut beam 3 may mntroduce selt-interference for receive beam 1/receive beam 2,
with transmit beam 3 introducing higher self-interference for receive beam 1 than for receive

beam 2.

{0166] Accordingly, when relay node 510 determunes the beamforming direction of the
downlink parent backhaul link for the full duplex mode, it may consider the self-interference
from the downlink access link (beamformed by {ransmit beam 3} to the downlink parent
backhaul ink (heamformed by receive beam 1 or 2). In this instance, relay node 510 may
assume that such self-interference is strong for receive beam 1 and weak for receive heam 2.
Therefore, relay node 510 may determine a downlink beamforming direction {e.g., receive
beam 2} that can lead to the largest value of beamforming channel gain in the downlink

parent backhaul link divided by the self-interference strength. Relay node 510 may assume
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thas deterroined beam is receive bearn 2 because the hugh bearofornung chanuvel gan of

receive beam 1 is mitigated by its strong self-interference.

0167} Accordingly, relay node 510 may deternmune a channel status (e.g., CS1, CRI, etc)
for each of the plurality of downlink beamforming direction {e.g., receive beam 1 and receive
beam 2) between parent node 505 and relay node 510 based, at least in some aspects, on a
downlink beamforming direction {e.g., transmit beam 3) between relay node 510 and child
node 515, Relay node 510 may transnut a report to parent node 505 indicating at least a
subset of the channel statuses {e.g.. receive beam 1 and/or receive beam 2) and an indication
that the respective downlink beamforming direction of the plwrality of downlink
beamforming directions corresponds to the respective channel status in the subset of channel
statuses. Parent node 505 may fransmit a grant to relay node 510 indicating a first downlink
beamforming direction {e.g., transmit beam 2 and/or receive beam 2) from the plurality of
beamforming directions. The grant may also carry or convey an indication of resources (e.g.,
radio resource allocations 1n the titne and/or frequency domain) for the corresponding first
downlink beamforming direction for a fusll duplex mode as well as for a non-full duplex
mode. Relay node 510 may use this information to monitor for (and receive) a downlink
transmission from the parent node 505 based on the grant and in the first downlink

beamforming direction (e.g., using receive bearn 2).

P

[3168] FIG. 6 Hlustrates an example of a wireless communication system 600 that
supports heamforming determination for TAB system with full duplex in accordance with
aspects of the present disclosure. In some examples, wireless conwounication system 600 may
implement aspects of wireless communication systems 100, 200, and/or 500, and/or processes
300 and/or 400. Aspects of wireless communication svstem 600 may be implemented by
parent node 605, relay node 610, and/or child node 615, which may be examples of
corresponding devices described herein. That is, parent node 603, relay node 610, and/or
child node 615 may be examples of nodes within an 1AB network, which moay be
iroplemented in a base station and/or a UE as described herein. In some examples, child node
615 may be a child node communicating with relay node 610 via an access link (e g, acting
as a UE, such as implementing a MT function, from the perspective of relay node 610) or
may be an actual UE commumnicating with relay node 610 via an access link. Broadly,

wireless commumication system 600 illustrates one example for uplink beamform
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determunation in an IAB network. Broadlv, relay node 610 may be configured for, or

otherwise support, full duplex mode operations.

6169] In some aspects, parent node 605 (which may be an example of a donor/anchor
node or an upstream relay node from the perspective of relay node 610) may use receive
beam 1 or recetve beam 2 in an uplink parent backhaul link for commumications with relay
node 610. Correspondingly, relay node 610 may use transmit beam 1 or transmit beam 2 for
such communications with parent node 605 For exanmple, relay node 610 may use transnut
bearn 1 and parent node 605 may use receive beam | for direct or line of sight
communicaiions or may use fransnut beam 2 and receive beam 2. respectively, for indirect
commumnications {e.g., transmit beam 2 may bounce off of a reflective object towards parent
node 605} Generally, transmit beam }/receive beam 1 may have or otherwise achieve a
higher beamformng chanunel gain than transmit beam 2/receive beam 2 without other

interference.

[6170] Relay node 610 may use the same radio resource allocation for its uplink access
hink with child node 615 using receive beam 3. That 1s, relay node 610 may select receive
beam 3 since it has a highest channel gain in the uplink access link. However, typically
transmit beams 1 and 2 may introduce self-interference for receive beam 3. In some aspects,
the self-interference from receive beam 3 may be higher for transmit beam 1 than for transmit

beam 2.

6171} Relay node 610 may determine the beamforming direction for the uplink parent
backhaul link for the full duplex mode by considering the self-interference from the uplink
parent backhaul link (beamformed by transmit beam 1 or transmit beam 2} to the uplink
access link {beamformed by receive beam 3}. In this case, relay node 610 may assume such
setf-interference is strong for transmit beam 1 and weak for transimit beam 2. Therefore, if
relay node 610 has no information of the beamformed channel gain in the uplink parent
backhaul link, 1t may identify or determine a first uplink beamforming direction {e.g.,
iransmit beam 2) that can lead to the smallest value of the self-interference strength for the

full duplex mode.

16172} Accordingly, relay node 610 may determune a channel status for each of a
plurality of uplink beamforming directions (e g., transmit beam 1 and transmit beam 2)

between parent node 605 and relay node 610 based, at least in some aspects, on an uplink
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beamforming direction (e.g., receive beam 3} between relav node 610 and child node 615
Relay node 610 may transnut an uplink reference signal to parent node 605 using at leasta
subset of the plurality of uplink beamforming directions {e.g., transmit beam 1 and/or

transmit beam 2) based, at least in some aspects on the channel statuses.

{6173} Parent node 605 mayv receive the uplink reference signai(s) and iransmit a grant to
relay node 610 indicating a first uplink beamforming divection (e.g., receive beam 2 and/or
transimt beam 2) from the plurality of uplink beamforming directions. Relay node 610 may
receive a grant from parent node 605 and transrot, via the first uplink beamforming direction
{e.g , transmit beam 2}, an uplink transmission {o parent node 605 based on the grant.
Concwrrently, relav node 610 may also receive an uplink transmission from child node 615

using receive beam 3, e.g., for full duplex mode operations.

{0174} FIG. 7 shows a block diagram 700 of a device 705 that supports beamforming
determination for IAB systern with full duplex in accordance with aspects of the present
disclosure. The device 705 may be an example of aspects of a parent node, relay node, child
node, UE 115 or base station 105 as described herein. The device 705 may include a receiver
710, a communications manager 715, and a transmitter 720. The device 705 may also include
a processor. Each of these components may be in communication with one another {e.g., via

one of more buses).

{6175} Receiver 710 may receive information such as packets, user data, or control
mformation associated with various information channels (e g., control channels, data
channels, and information related to beamforming determunation for TAB systern with full
duplex, etc.). Information may be passed on to other components of the device 705, The
receiver 710 may be an example of aspects of the transceiver 1020 or 1120 as described with
reference io FIGs. 10 and 11, The receiver 710 may uiifize a single antenna or a set of

antennas.

{0176] In some examples, communications manager 715 may be implemented as an
mtegrated circuit or chipset for a mobile device modem, and the receiver 710 and transmitier
720may be implemented as analog components (e.g., amplifiers, filters, antennas, efc.)

coupled with the mobile device modem to enable wireless transmission and reception.

6177} The communications manager 715 as described herein may be implemented to

realize one or more potential advantages. Various implementations may enable mitigation of
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self-interference for full duplex transmissions of device 705 that the comprises
communications manager 715 in a shared resource. At least one implementation may enable
the communications manager 715 to effectivelv select beamforming directions. At least one
impiementation may enable commumnications manager 715 1o increase the throughput to
device 705 by allowing for reporting of one or more channel statuses and one or more
corresponding beamforming directions between the device 705 and a child node to enhance

selection of one or more beamforming directions between a parent node and the device 705,

{0178} When device 705 15 configured as a relay node, the communications manager 715
may determine a channel status for each of a set of downlink beamforming directions
between a parent node and the relay node based on a downlink beamforming direction
between the relay node and a child node, transmit a report to the parent node indicating ai
Jeast a subset of the channel statuses and an indication that a respective downlink
beamforming direction of the set of downlink beamforming directions corresponds to a
respective channel status in the subset of the channel statuses, receive a grant from the parent
node indicating a first downlink beamforming direction from the set of downlink
beamforming directions, and monitor for a downlink {ransmission from the parent node based

on the grant and the first downlink beamforming direction.

{8179] When device 705 1s configured as a relav node, the commumications manager 715
may also determine a channel status for each of a set of uplink beamforming directions
between a parent node and the relay node based on an uplink bearoforming direction between
the relay node and a child node, transmut an uplink reference signal to the parent node using
at least a subset of the set of uphink beamforming directions based on the channel statuses,
receive a grant from the parent node indicating a first uplink beamforming direction from the
set of uplink beamforming directions, and transmui, via the first uplink beamforming

divection, an uplink {ransmission to the parent node based on the grant.

16189] When device 705 is configured as a parent node, the comwunications manager
715 may also receive a report from a relav node indicating a set of channel statuses and a
respective downlink beamforming direction of a set of downlink beamforming directions
between the parent node and the relay node that corresponds 1o a respective channel status in
the set the channel statuses, the set of channel statuses determined for the set of downlink

beamf{orming directions between the parent node and the relay node based on a downlink
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beamforming direction between the relay node and a child node, transmit a grant to the relay
node indicating a first downlink beamforming direction from the set of downlink
beamforming directions based on the report, and transmit a downlink transmission to the

relay node based on the grant and the first downlink beamforming direction.

{3181} When device 705 is configured as a parent node, the communicaiions manager
715 may also receive an uplink reference signal from a relay node transmitted using a subset
of a set of uplink beamfornung directions, transnut a grant to the relay node indicating a first
uplink beamforming direction from the set of uplink beamforming directions based on the
uplink reference signal, and monitor for an uplink transmission from the relay node based on
the grant and the first uplink beamforming direction. The communications manager 715 may

be an example of aspects of the commumications manager 1010 or 1110 as described herein,

{0182] The commumications manager 715, or 113 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 executed by a processor, the functions of the coronumications
manager 715, or s sub-components mayv be executed by a general-purpose processor, a DSP,
an apphication-specific integrated circutt (ASIC), a FPGA or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or anv combination

thereof designed to perform the fimctions described in the present disclosure.

{3183} The communications manager 715, or its sub-components, may be physically
tocated at various positions, including being disiribuled such that portions of functions are
implernented at different phvsical locations by one or more physical components. In some
examples, the cormmunications manager 715, or its sub~components, may be a separate and
distinct component in accordance with various aspects of the present disclosure. In some
examples, the commumnications manager 715, or its sub-components, may be combined with
one or more other hardware components, including but not limited to an input/output (I/0)
component, a transcetver, a network server, another computing device, one or more other
components described in the present disclosure, or a combination thereof in accordance with

vartous aspects of the present disclosure.

16184} Transmitter 720 may transout signals generated by other components of the
device 705. In some examples, the transmuiiter 720 may be collocated with areceiver 710in a

transceiver module. For example, the transmitier 720 may be an example of aspects of the
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transcetver 1020 or 1120 as described with reference to FIGs. 10 and 11, The transmitter 72¢

may utilize a single antenna or a set of antennas.

{0185] FIG. 8 shows a block diagram 800 of a device 805 that supports beamforming
determination for TAB systern with full duplex in accordance with aspects of the present
disclosure. The device 803 may be an example of aspects of a parent node, relay node, child
node, device 705, a UE 115, or a base station 105 ag described herein. The device 805 may
mclude a receiver 810, a communications manager 815, and a transnutter 830, The device
805 may also include a processor. Each of these coraponents may be in communication with

one another {e.g., via one or more buses}.

{0186} Recetver 810 may receive information such as packets, user data, or control
mformation associated with various information channels {e.g., control channels, data
channels, and nformation related to beamforming determination for IAB system with full
duplex, etc.). Information may be passed on {o other components of the device 805, The
receiver 810 roay be an example of aspects of the transcetver 1020 or 1120 as described with
reference to FIGs. 10 and 11. The recetver 810 may utilize a single anterma or a set of

antennas.

0187} The communications manager 815 may be an example of aspects of the
communications manager 715 as described herein. The communications manager 815 may
mciude a DL beam direction selection manager 820 and an UL beam direction selection
manager 825. The communications manager 815 may be an example of aspects of the

conmrounications manager 1010 or 1110 as described herein,

{0188} The DL bearn direction selection manager 820 may determine a channel status for
each of a set of downlink beamforming directions between a parent node and the relay node
based on a downlink beamforming direction between the relay node and a child node,
transmit a report to the parent node indicating at least a subset of the channel statuses and an
mdication that a respective downlink beamforming direction of the set of downlink
beamforming directions corresponds to a respective chanmnel status in the subset of the
channel statuses, receive a grant from the parent node indicating a first downhnk
beamforming direction from the set of downlink bearafornmung directions, and monitor fora
downlink transmussion from the parent node based on the grant and the first downlink

beamforming direction.
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{0189] The UL beam direction selection roanager 825 may determune a channel status for
each of a set of uplink beamforming directions between a parent node and the relay node
based on an uplink beamforming direction between the relay node and a child node, transmit
an uplink reference signal to the parent node using af least a subset of the set of uplink
beamf{orming directions based on the channel statuses, receive a grant from the parent node
mdicating a first uplink beamforming direction from the set of uplink beamforming
directions, and transmit, via the first yplink beamforming direction, an uplink transmission to

the parent node based on the grant.

{6190} The DL beam direction selection manager 820 may receive a report from a relay
node indicating a set of channel statuses and a respective downlink beamforming direction of
a set of downlink beamforming directions between the parent node and the relay node that
cotresponds 1o a respective channel status in the set the channel statuses, the set of channel
statuses determined for the set of downlink beamforming directions between the parent node
and the relav node based on a downlink beamforming direction between the relay node and a
child node, transmut a grant to the relav node indicating a first downlink beamforming
direction from the set of downlink beamforming directions based on the report, and iransmit a
downlink transmission 1o the relay node based on the grant and the first downlink

beamforming direction.

[3191] The UL beam direction selection manager 825 may receive an uplink reference
signal from a relay node transoitted using a subset of a set of uplink beamforming directions,
transmit a grant to the relav node indicating a first uplink beamforming direction from the set
of uplink beamforming directions based on the uplink reference signal, and monitor for an
uplink transmission from the relay node based on the grant and the first uplink beamforming

direction.

{0192} Transmitter 830 may transmit signals generated by other components of the
device 805, In some examples, the transmitter 830 may be collocated with a receiver 810 in a
iransceiver module. For example, the transmitter 830 roay be an example of aspecis of the
ranscetver 1020 or 1120 as described with reference to FIGs. 10 and 11. The transmitter 830

may utilize a single antenna or a set of antennas.

0193] FIG. 9 shows a block diagram 900 of a communications manager 905 that

supports beamforming determination for JAB system with full duplex in accordance with
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aspects of the present disclosure. The communications manager Y05 may be an example of
aspecis of a comnwmications manager 715, a communications manager 815, ora
communications manager 1010 described herein. The communications manager 905 may
mclude a DL beam direciion selection manager 910, a grant resource manager 915, a
reference signal manager 920, a self-interference manager 925, a channel status manager 930,
and an UL beam divection selection manager 935. Each of these modules may communicate,

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

{0194} The DL bearn direction selection manager 910 may determine a channel status for
each of a set of downlink beamforming directions between a parent node and the relay node

based on a downlink beamforming direction between the relay node and a child node.

[3195] in some examples, the DL beam direction selection manager 910 may transmit a
report to the parent node indicating at least a subset of the channel statuses and an indication
that a respective downlink beamforming direction of the set of downlink beamforming

directions corresponds to a respective channel status in the subset of the channel statuses.

16196} In some examples, the DL beam direction selection manager 910 may receive a
grant from the parent node mdicating a first downlink beamforming direction from the set of

downlink beamforming directions.

0197} In some examples, the DL beam direction selection manager 910 may monitor for
a downlink transmission from the parent node based on the grant and the first downlink

beamforming direction.

{3198} In some examples, the DL beam direction selection manager 910 may receive a
report from a relay node mdicating a set of channel statuses and a respective downlink
beamforming direction of a set of downlink beamforming directions between the parent node
and the relay node that corresponds to a respective channel status in the set the channel
statuses, the set of channel statuses determined for the set of downlink beamforming
directions between the parent node and the relay node based on a downlink beamforming

direction between the relav node and a child node.

16199} in some examples, the DL beam direction selection manager 910 may transmit a
grant to the relay node indicating a first downhnk beamforming direction from the set of

downlink beamforming directions based on the report.
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[6200] In some examples, the DL beam direction selection manager 910 may transmit a
downlink transmission to the relay node based on the grant and the first downlink
beamforming direction. In some cases, the child node is a UE or a second relay node. In some
cases, the relay node includes a relay node within an IAB network. In some cases, the child
node includes a UE or a second relay node. In some cases, the parent node includes a parent

relay node within an TAB network.

[8281] The UL beam direction selection manager 935 may determine a channel status for
each of a set of uplink beamforming directions between a parent node and the relay node

based on an uplink beamforming direction between the relay node and a child node.

6202} In some examples, the UL beam direction selection manager 935 may transnut an
uplink reference signal to the parent node using at least a subset of the set of uplink

beamforming directions based on the channel statuses.

{6283} in some examples, the UL beam direction selection manager 935 may receive a
erant from the parent node mdicating a first uplink beamforming direction from the set of

uphink beamforming directions.

[G204] In some examples, the UL beam direction selection manager 935 may transmit,
via the first uplink bearafornung direction, an uphink transnussion to the parent node based on

the grant.

{0205] In some examples, the UL beam direction selection manager 935 may receive an
uplink reference signal from arelay node transmitied using a subset of a set of uplink

beamforming directions.

3206} In some examples, the UL beam direction selection manager 935 may transmit a
grant to the relay node indicating a first uplink beamforming direction from the set of uplink

beamforming directions based on the uplink reference signal.

[8287] In some examples, the UL beam direction selection manager 935 may monitor for
an uplink transmission from the relay node based on the grant and the fivst uphnk

bearmfornming direction.

{0208] The grant resource manager 915 may receive the grant indicating a resource
allocation for simultaneous transmission and reception by the relay node when operating in a

full duplex mode.
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{0209] In some examples, the grant resource manager 915 may receive the downlink

transmission from the parent node within the resource allocation.

6210] In some examples, the grant resource manager 915 may transmit a second
downlink transmission to the child node within the resource allocation via the downlink

beamforming direction between the relay node and the child node.

6211} In some examples, the grant resource manager 915 may receive the grant
mdicating a resource allocation for simultanesous transmission and reception by the relay node

when operating in a full duplex mode.

6212} In some examples, the grant resource manager 915 may transmit the uplink

transimassion to the parent node withan the resource allocation, the method further including.

6213} I some examples, the grant resource manager 915 may transout the grant
mdicating a resource allocation for simultaneous fransmission and reception by the relay node

when operating in a full duplex mode.

{0214} Inn some examples, the grant resource manager 915 may transmut the downlink

transmission from the parent node within the resource allocation.

{0215] Inn some examples, the grant resource manager 915 may select the first downlink
beamforming direction from the set of downlink beamforming directions for the resource

allocation based on the report.

[6216] In some examples, the grant resource manager 915 may transmit the grant (o
identify, for a non-full duplex mode, a second downlink beamforming direction for non-full

duplex transmissions from the parent node.

62171 In some examples, the grant resource manager 915 may transmit the grant o
identify, for a full duplex mode, the first downlink beamforming direction for the full duplex
mode for full duplex communications between the parent node and the relay node, for full

duplex communicaiions between the relay node and the child node, or a combination thereof
3218} In some examples, the grant resource manager 915 may transmit the grant
mdicating a resource allocation for simultaneous transmission and reception by the relay node

when operating in a full duplex mode.
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6219 In some examples, the grant resource manager 915 may receive the uphink

transmuission from the relay node within the resource allocation.

{0226} In some exarmples, the grant resource manager 915 may select the first uplink
beamforming direction from the set of uplink beamforming directions for the resource

allocation based on the uplink reference signal.

{8221] The reference signal manager 920 may communicate a reference signal or a
synchronization signal with the child node, where the downhink beamforming direction

between the relay node and the child node is identified based on the communicating,

[6222] In some examples, the reference signal manager 920 may communicate a
reference signal or a synchronization signal with the child node, where the uplink
beamforming direction between the relay node and the child node is identified based on the

communicating,

{6223} Inn some examples, the reference signal manager 920 may transmut, for a non-full

duplex mode, a first uplink reference signal to the parent node.

16224} in some examples, the reference signal manager 920 may transnut, for a full
duplex mode, a second uplink reference signal to the parent node, where the grant mdicating
the first uplink beamforming direction 15 based on the first uplink reference signal and the

second uplink reference signal.

[0225] In some examples, the reference signal manager 920 roay transmoit a signal to the
parent node identifying the first uplink reference signal for the non-full duplex mode and the

second uplink reference signal for the full duplex mode.

10226} In some examples, the reference signal manager 920 may transmit the first uplink

reference signal within a first resource associated with the non-full duplex mode.

6227 In some examples, the reference signal manager 920 may transmit the second

uplink reference signal within a second resource associated with the full duplex mode.

{6228} In some examples, the reference signal manager 920 may determine, based on the
grant, a non-full doplex mode uplink beamforming direction for non-fuldl duplex

transmissions to the parent node.
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[0229] In some exarmples, the reference signal manager 920 roay determane, based on the
grant, a full duplex uplink beamfornung direction for a full duplex mode for full duplex
communications between the parent node and the relay node, for full duplex communications

between the relay node and the child node, or a combination thereof.

{6230} In some examples, the reference signal manager 920 may receive, for a non-full

duplex mode, a first uplink reference signal from the relay node.

[6231] In some examples, the reference signal manager 920 may receive, for a full duplex
mode, a second uplink reference signal from the relay node, where the grant indicating the
first uplink beamforming direction is based on the first uplink reference signal and the second

uplink reference signal.

16232} In some examples, the reference signal manager 920 may receive a signal from the
relay node identifying the first uplink reference signal for the non-full duplex mode and the

second uplink reference signal for the full duplex mode.

{0233} in some examples, the reference signal manager 920 may receive the first uplink

reference signal via a first resource associated with the non-{ull duplex mode.

{0234] in some examples, the reference signal manager 920 may receive the second

uplink reference signal via a second resource associated with the full duplex mode.

6235] The selftinterference manager 925 may identify a setf-interference level between
each downlink beamtorming direction in the set of downlink beamformung directions
between the parent node and the relay node and the downlink beamforming direction between

e relay node and the child node.

10236} In some examples, the self-interference manager 925 may determine, for a full
duplex mode, the channel status for each of the set of downlink beamforming directions

between the parent node and the relay node based on the identified self-interference levels.

6237} In some examples, the self-interference manager 925 may identify a self-
mterference level between each beamforming direction in the set of uplink beamforming
directions between the parent node and the relay node and the uplink beamforming direction

between the relay node and the child node.
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6238} In some examples, the self-interference manager 925 may deternune, for a full
duplex mode, the channel status for each of a set of uplink beamforming directions between

the parent node and the relay node based on the identified self-mterference levels.

3239] The channel status manager 930 may determine, for a non-full duplex mode, a
first channel status for each of the set of downlink beamforming directions between the

parent node and the relay node.

[3240] In some examples, the channel status manager 930 may determine, for a full
duplex mode, a second chanmel status for each of the setl of downlink beamforming directions
between the parent node and the relay node, where the report indicating the subset of the

channel statuses is based on the first and second channel statuses.

6241} In some examples, the channel status manager 930 may determine a beamforming
channel gain for each of the set of downlink beamforming directions between the parent node
and the relay node, where the first channel status for each of the set of downlink
beamforming directions between the parent node and the relay node is determined based on
the beamforming channel gain for each of the set of downlink beamforming directions

between the parent node and the relay node.

0242} In some examples, the channel status manager 930 may deterroine a ratio of
beamforming channel gain over self-interference level for each of the set of downlink
beamforming directions between the parent node and the relay node based on the identified
self-interference levels and the determined beamforming channel gains, where the second
channel status for each of the set of downlink beamforming directions between the parent

node and the relay node is deternuned based on the ratio.

[3243] In some examples, the channel status manager 930 may determine, based on the
grant, a non~-tull duplex mode downlink beamforming direction for non-tull duplex

transmissions from the parent node.

[0244) In some examples, the channel status manager 930 may deternune, based on the
erant, a full duplex downlink beamforming direction for full duplex mode for full duplex
communications between the parent node and the relay node, for full duplex communications

between the relay node and the child node, or a combination thereof
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{0245] FIG. 10 shows a diagram of a svstem 1000 including a device 1005 that supports
beamforming determination for IAB system with full duplex in accordance with aspects of
the present disclosure. The device 1005 may be an example of or include the componenis of a
parent node, relay node, child node, device 705, device 805, ora UE 115 as described herein.
The device 1005 may mclude components for bi-directional voice and data communications
mcluding components for transmitiing and receiving commumications, including a
communications manager (010, a transcetver 1020, an antenna 1023, memory 1030, a
processor 1040, and an 1/0 controller 1050. These components may be in electronic

communication via one or more buses {e.g., bus 1055).

{0246] The comimunications manager 1010 may determine a channel status for each of a
set of downlink beamforming directions between a parent node and the relav node based on a
downlink beamforming direction between the relay node and a child node, transmut a report
io the parent node indicating at least a subset of the channel statuses and an indication that a
respective downlink beamforming direction of the set of downlink beamforming directions
corresponds 1o a respective channel status in the subset of the channel statuses, recaive a
grant from the parent node indicating a first downlink beamforming direction from the set of
downlink beamforming directions, and monitor for a downlink transmission from the parent

node based on the grant and the first downhink beamforming direction,

{8247} The communications manager 1010 may also determine a channel status for each
of a set of uplink beamforming directions between a parent node and the relav node based on
an uplink beamforming direction between the relay node and a child node, transmit an uplink
reference signal 1o the parent node using at least a subset of the set of uplink beamforming
directions based on the channel statuses, receive a grant from the parent node indicating a
first uphink beamforming direction from the set of uplink beamforming directions, and
fransmit, via the first uplink beamforming direction, an uplink transmission to the parent node

based on the grant.

6248} The communications manager 1010 may also receive a report from a relay node
mdicating a set of channel statuses and a respective downlink beamforming direction of a set
of downlink beamforming directions between the parent node and the relay node that
corresponds o a respeciive channel status in the set the channel statuses, the set of channel

statuses determined for the set of downlink beamforming directions between the parent node
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and the relav node based on a downlink beamforming direction between the relay node and a
child node, transmut a grant to the relav node indicating a first downlink beamforming
direction from the set of downlink beamforming directions based on the report, and transmit a
downlink transmission to the relay node based on the grant and the first downlink

beamforming direction.

{6249} The communications manager 1010 may also receive an uphink reference signal
from a relay node transmitted using a subset of a set of uplink bearoformang directions,
transimt a grant to the relay node indicating a first uphink beamformung direction from the set
of uplink beamforming directions based on the uplink reference signal, and monitor for an
uplink transmission from the relay node based on the grant and the first uplink beamforming

direction.

{0250} Transceiver 1020 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as deseribed above. For example, the transceiver 1020 may represent
a wireless transceiver and may communicate bi-directionally with another wireless
iransceiver. The transceiver 1020 may also include a roodern to modulate the packets and
provide the modulated packets to the antennas for transmission, and to demodulate packets

received from the antennas.

0251] In some cases, the wireless device may include a single antenna 1025, However,
in some cases the device mayv have more than one antenna 1025, which may be capable of

concurrently transmitting or receiving multiple wireless transnmssions.

{6252} The memory 1030 may include RAM, ROM, or a combination thereof. The
mernory 1030 may store computer-readable code 1035 including instructions that, when
executed by a processor {e.g., the processor 1040) cause the device to perform various
functions described herein. In some cases, the memory 1030 may contain, among other
things, a BIOS which may control basic hardware or software operation such as the

mteraction with peripheral components or devices.

{0253} The processor 1040 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 1040 may be configured to operate a

memoty array using a memory controtler. In other cases, a memory controller may be
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mtegrated into the processor 1040, The processor 1040 may be configured to execute
compiter-readable instructions stored in a memory {e.g.. the memory 1030} to cause the
device 1005 to perform various functions (e.g., functions or tasks supporting beamfornung

determination for TAB system with foll duplex).

{6254] The I/0 controlier 1050 may manage input and output signals for the device 1003,
The /O controller 1050 may also manage peripherals not integrated into the device 1005, Tn
some cases, the /O controller 1050 may represent a physical connection or port fo an external
peripheral. In some cases, the VO controller 1050 may utilize an operating systern such as
10S®, ANDROID®, MS-DOS®, MS-WINDOWS®, 08/2®, UNIX®, LINUXE®, or another
known operating system. In other cases, the VO controlier 1050 may represent or inferact
with a modem, a keyboard, a mouse, a touchscreen, or a similar device. In some cases, the
VO controller 1050 may be implemented as part of a processor. In some cases, a user may
mmteract with the device 1005 via the VO controller 1050 or via hardware components

controlled by the /O controller 1050,

[0255] The code 1035 may include mstructions to implement aspects of the present
disclosure, including mstructions to support wireless communications. The code 1035 may be
stored in a non-transitory computer-readable medium such as svstem memory or other type of
memory. In some cases, the code 1035 may not be directly executable by the processor 1040
but may cause a computer {e.g., when compiled and executed) to perform functions described

heremn.

{0256} FlIG., 11 shows a diagram of a system 1100 including a device 11035 that supports
bearnfornming determination for TAB system with full duplex in accordance with aspects of
the present disclosure. The device 1105 may be an example of or include the components of
device 705, device 805, a parent node, a relay node, a child node, or a base station 105 as
described hergin. The device 1105 may include components for bi-directional voice and data
commumications including components for transmithing and receiving conununications,
mchuding a convmunications manager 1110, a network comymunications manager 1115, a
transceiver 1120, an antenna 1125, memory 1130, a processor 1140, and an miter-station
communications manager 1145 These componenis mav be in electronic conmmunication via

one or more buses {e.g., bus 1155).
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{62571 The communications manager 1110 may deternune a channel status for each of a
set of downlink beamforming directions between a parent node and the relay node based on a
downlink beamforming direction between the relay node and a child node, transmit a report
to the parent node indicating at least a subset of the channel statuses and an indication that a
respective downlink beamforming direction of the set of downlink beamforming directions
corresponds {0 a respeciive chanmel status in the subset of the channel statuses, receive a
grant from the parent node indicating a first downlink beamforming direction from the set of
dowrdink beamforming directions, and monitor for a downlink fransmussion from the parent

node based on the grant and the first downlink beamforming direction.

{0258] The commumications manager 1110 may also determine a channel status for each
of a set of uplink beamforming directions between a parent node and the relay node based on
an uplink beamforming direction between the relay node and a child node, transmit an uphink
reference signal to the parent node using at least a subset of the set of uplink beamforming
directions based on the channel statuses, receive a grant from the parent node indicating a
first uplink beamforming direction from the set of uplink beamforming directions, and
transmit, via the first uplink beamforming direction, an uplink transmission to the parent node

based on the grant.

{6259} The communications manager 1110 may also receive a report from arelay node
mdicating a set of channel statuses and a respective downlink beamforming direction of a set
of downlink beamforming directions hetween the parent node and the relay node that
corresponds 10 a respective chanmel status in the set the channel statuses, the set of channel
statuses determined for the set of downlink beamforming directions between the parent node
and the relay node based on a downlink beamforming direction between the relay node and a
child node, transmit a grant to the relay node indicating a first downlink beamforming
direction from the set of downhink beamforming directions based on the report, and transnut a
downlink transmussion to the relay node based on the grant and the first downlink

beamforming direction

{3260 The communications manager 1110 may also receive an uplink reference signal
from a relay node transmutted using a subset of a set of uplink beamforming directions,
transmit a grant to the relay node indicating a first uphink beamforming direction from the set

of uplink beamforming directions based on the uplink reference signal, and monitor for an
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uplink transmission from the relay node based on the grant and the first uplink beamforming

direction.

{0261} Network communications manager 1115 may manage communications with the
core network (e.g., via one or more wired backhaul links). For example, the network
commumications manager 1115 may manage the transfer of data comimumications for client

devices, such as one or more UEs 115,

[8262] Transceiver 1120 may communicate bi-directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 1120 may represent
a wireless transceiver and may conwmunicate bi-directionally with another wireless
transceiver. 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.

{0263] In some cases, the wireless device may include a single antenna 1125, However,
in some cases the device may have more than one antenna 1125, which may be capable of

concurrently transmitting or receiving multiple wireless transmissions.

0264} The memory 1130 may include RAM, ROM, or a combination thereof. The
memory 1130 may store computer-readable code 1135 including instructions that, when
executed by a processor {e.g., the processor 1140} cause the device to perform various
functions described herein. In some cases, the memory 1130 may contain, among other
things, a BIOS which may control basic hardware or software operation such as the

mieraction with peripheral components or devices.

[3265] 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 procassor 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 processor 1140 may be configured to execute
computer-readable instructions stored 1n a memory {e.g., the memory 1130} to cause the
device 1105 {o perform vanous functions {e.g., functions or tasks supporting beamforming

deterrmnation for FAB svstern with full duplex).
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10266} Inter-station conwnunications manager 1145 may manage communications with
other base station 105, and may include a controller or scheduler for controlling
communications with UEs 115 in cooperation with other base stations 105, For example, the
nter-station communications manager 1145 may coordinate scheduling for transmissions {o
UEs 115 for various interference mitigation techniques such as beamforming or joint
transnission. In some examples, inter-siation commumications manager 1145 may provide an
(2 interface within an LTE/LTE-A wireless conumunication network technology to provide

conumumnication between base stations 105,

6267] The code 11335 may include instructions to implement aspects of the present
disclosure, inchuding mstructions o support wireless communications. The code 1135 may be
stored in a non-transitory computer-readable medium such as system memory or other type of
memory. [n some cases, the code 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.

{0268] FIG. 12 shows a flowchart illustrating a method 1200 that supports bearnfornung
determination for TAB systern with full duplex in accordance with aspects of the present

disclosure. The operations of method 1200 may be implemented by a UE 115 or base station
105 or its components as described herein. For example, the operations of method 1200 may

~
7
b

be performed by a communications manager as described with reference to FIGs. 7 through
11, In some examples, a UE or base station may execute a set of instructions to control the
functional elements of the UE or base station to perform the functions described below.
Additionally or altemnatively, a UE or base station may perform aspects of the functions

described below using special-purpose hardware.

{6269} At 1205, the UE or base station may determine a channel status for each of a set of
downlink beamforming directions between a parent node and the relay node based on a
downlink beamforming direction between the relay node and a child node. The operations of
1205 may be performed according to the roethods described herein. In some exaroples,
aspects of the operations of 1205 may be performed by a DL beam direction selection

manager as described with reference to FIGs. 7 through 11

6270} A1 1210, the UE or base station may transmit a report to the parent node indicating

at least a subset of the channel statuses and an indication that a respective downlink
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beamforming direction of the set of downlink beamforming directions corresponds to a
respective channel status in the subset of the channel statuses. The operations of 1210 may be
performed according to the methods described herein. In some examples, aspects of the
operations of 1210 may be performed by a DL beam direction selection manager as described

with reference to FIGs. 7 through 11.

6271} At 1215, the UE or base station may receive a grani from the parent node
mdicating a first downlink beamforming direction from the set of downlink bearaforming
directions. The operations of 1215 mayv be performed according to the methods described
herem. In some examples, aspects of the operations of 1215 may be performed by a DL beam

direction selection manager as described with reference to FIGs. 7 through 11

{6272} At 1220, the UE or base station may monitor for a downlink transmission from the
parent node based on the grant and the first downlink beamforming direction. The operations
of 1220 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1220 may be performed by a DL beam direction selection

manager as described with reference to F1Gs. 7 through 11

{06273} FIG. 13 shows a flowchart iHlustrating a method 1300 that supports bearnfornung
determination for TAB systern with full duplex in accordance with aspects of the present
disclosure. The operations of method 1300 may be implemented by a UE 115 or base station
105 or its componenis as described herein. For example, the operations of method 1300 may
be performed by a communications manager as described with reference to FIGs. 7 through
11, In some examples, a UE or base station may execute a set of instructions to control the
functional elements of the UE or base station to perform the functions described below.
Additionally or alternatively_ a UE or base station may perform aspects of the functions

described below using special-purpose hardware.

16274} At 1305, the UE or base station may determine a channel status for each of a set of
downlink beamforming directions between a parent node and the relay node based on a
downlink beamforming direction between the relay node and a child node. The operations of
1305 may be performed according to the methods described herein. In some exarples,
aspects of the operations of 1305 may be performed by a DL beam direction selection

manager as described with reference to FIGs. 7 through 11
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{0275] At 1310, the UE or base station may transmit a report to the parent node indicating
at least a subset of the channel statuses and an indication that a respective downlink
beamforming direction of the set of downlink beamforming directions corresponds to a
respective channel status in the subset of the channel statuses. The operations of 1310 may be
performed according to the methods described herein. In some examples, aspects of the
operations of 1310 may be performed by a DL beam direction selection manager as described

with reference to FIGs. 7 through 11.

{0276} At 1315, the UE or base station may receive a grant from the parent node
mdicating a first downlink beamforming direction from the set of downlink beamforming
directions. The operations of 1315 may be performed according to the methods described
herem. In some examples, aspects of the operations of 1315 may be performed by a DL beam

direction selection manager as described with reference to FIGs. 7 through 11.

16277} At 1320, the UE or base station may receive the grant indicating a resource
allocation for stmultaneous transrission and reception by the relay node when operating in a
full duplex mode. The operations of 1320 may be performed according to the methods
described herein. In some examples, aspecis of the operations of 1320 may be performed by a

grant resource manager as described with reference to FIGs. 7 through 11

0278] At 1325, the UE or base station may monitor for a downlink transmission from the
parent node based on the grant and the first downlink beamforming direction. The operations
of 1325 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1325 may be performed by a DL beam direction selection

manager as described with reference to FIGs. 7 through 11.

{0279} Fi¢z, 14 shows a flowchart llustrating a method 1400 that supports beamforming
determination for IAB system with full duplex in accordance with aspects of the present
disclosure. The operations of method 1400 may be implemented by a UE 115 or base station
105 or tts components as described herein. For example, the operations of method 1400 may
be performed by a communications manager as described with reference o FIGs. 7 through
11. In some examples, a UE or base station may execute a set of instructions to control the
functional elements of the UE or base station to perform the functions described below.
Additionally or alternatively, a UF or base station may perform aspects of the functions

described below using special-purpose hardware,
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[6280] At 1405, the UF or base station may deterrmne a channel status for each of a set of
uplink beamforming directions between a parent node and the relay node based on an uplink
beamforming direction between the relay node and a child node. The operations of 1405 may
be performed according to the methods described herein. In some examples, aspects of the

5 operations of 1405 may be performed by an UL beam direction selection manager as

described with reference to FIGs. 7 through 11,

[5281] At 1410, the UE or base station may transmit an uphnk reference signal to the
parent node using at least a subset of the set of uplink beamforming directions based on the
channel statuses. The operations of 1410 may be performed according to the methods

10 described herein. In some examples, aspects of the operations of 1410 may be performed by

an UL beam direction selection manager as described with reference to FIGs. 7 through 11.

{6282} At 1415, the UE or base station may recetve a grant from the parent node

mdicating a {irst uplink beamforming direction from the set of uphink beamforming

directions. The operations of 1415 may be performed according to the methods described
15 herem. In some examples, aspects of the operations of 1415 may be performed bv an UL

beam direction selection manager as described with reference to FIGs. 7 through 11

{0283} At 1420, the UE or base station may transmit, via the first uplink beamforming
direction, an uplink transmission to the parent node based on the grant. The operations of
1420 may be performed according to the methods described herein. In some examples,

20 aspects of the operations of 1420 may be performed by an UL beam direction selection

manager as described with reference to FIGs. 7 through 11.

[0284] Fl¢z, 15 shows a flowchart llustrating a method 1500 that supports beamforming
determination for AB system with full duplex in accordance with aspects of the present
disclosure. The operations of method 1500 may be implemented bv a UE 115 or base station
25 105 or its components as described herein. For example, the operations of method 1500 may
be performed by a communications manager as described with reference to FIGs. 7 through
11. In some examples, a UE or base station may execute a set of instructions to control the
functional elements of the UE or base station (o perform the functions described below.
Additionally or alternatively, a UFE or base station may perform aspects of the functions

30 described below using special-purpose hardware,
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{0285] At 1503, the UE or base station mav receive a report from a relay node indicating

a set of channel statuses and a respective downlink beamforming direction of a set of
downlink beamforming directions between the parent node and the relay node that
corresponds o a respeciive channel status in the set the channel statuses, the set of channel

5 statuses determined for the set of downlink beamforming directions between the parent node
and the relay node based on a downlink beamforming direction between the relay node and a
child node. The operations of 1505 may be performed according to the methods described
herein. In some examples. aspects of the operations of 1505 may be performed by a DL beam

direction selection manager as described with reference to FIGs. 7 through 11

10 {6236] At 1510, the UE or base station may transmit a grant to the relay node indicating a
first downlink beamforming direction from the set of downlink beamforming directions based
on the reporl. The operations of 1510 may be performed according to the methods described
herein. In some examples, aspects of the operations of 1510 may be performed bv a BL beam

direction selection manager as described with reference to FIGs. 7 through 11.

15 |0287] At 1515, the UE or base station may transmit a downlink transmission o the relay
node based on the grant and the first downlink beamforming direction. The operations of
1515 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1515 may be performead by a DL beam direction selection

manager as described with reference to FIGs. 7 through 11,

20 [0288] FIG. 16 shows a flowchart ilustrating a method 1600 that supports beamforming
determination for AB system with full duplex in accordance with aspects of the present
disclosure. The operations of method 1600 may be implemented bv a UE 115 or base station
105 or its components as described herein. For example, the operations of method 1600 may
be performed by a commumications manager as described with reference to FIGs. 7 through

25 11, In some examples, a UE or base station may execute a set of instructions to control the
functional elements of the UE or base station (o perform the functions described below.
Additionally or altematively, a UFE or base station may perform aspects of the functions

described below using special-purpose hardware,

6289 At 1605, the UE or base station may receive an uplink reference signal froma
30 relay node transmitted using a subset of a set of uplink beamforming directions. The

operations of 1605 may be performed according to the methods described herein. In some
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examples, aspects of the operations of 1605 may be performed by an UL bearn direction

selection manager as described with reference to FIGs. 7 through 11

[6290] At 1610, the UF or base station may fransmit a grant to the relay node indicating a
first uplink beamforming direction from the set of uplink beamforming directions based on
the uplink reference signal. The operations of 1610 may be performed according to the
methods described herein. In some examples, aspects of the operations of 1610 may be
performed by an UL heam direction selection manager as described with reference to FiGs. 7

through 11.

{0291} At 16185, the UE or hase station may monitor for an uplink transmission from the
relay node based on the grant and the first uplink beamforming direction. The operations of
1615 may be performed according to the methods described herein. In some examples,
aspects of the operations of 1615 may be performed by an UL beam direction selection

manager as described with reference to FIGs. 7 through 11

{6292} it should be noted that the methods described herein describe possibie
implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

{0293} Techniques described herein may be used for various wireless cornmunications
systems such as code division multiple access (CDMA), time division multiple access
{TDMA), frequency division mudtiple access {(FDMA), orthogonal frequency division
multiple access (OFDMA), single carrier {requency division multiple access (SC-FDMA),
and other systeros. A CDMA system moay umplernent a radio technology such as CDMAZ2000,
Universal Terresirial Radio Access (UTRA), etc. CDMAZ000 covers IS-2000, 1S-95, and IS-
856 standards. 18-2000 Releases may be commonly referred to as CODMAZ2000 1X, 1X eic.
15-856 (T1A-856) is commonly referred to as CDMA2000 1xEV-DO, High Rate Packet Data
{HRPD), etc. UTRA includes Wideband CBMA (WCDBMA) and other variants of CDMA. A
TDMA system may implement a radio technology such as Global System for Mobile

Communications {GSM).

[06294] An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband {UMB), Evolved UTRA (E-UTRA), Institute of Flectrical and Electronics

Engineers (IEEE) 802.11 (Wi-F1}, IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc.
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UTRA and E~-UTRA are part of Uruversal Mobile Telecommunications System (UMTS).
LTE, LTE-A, and LTE-A Pro are releases 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). CDMAZ2000 and UMB are
described in documents from an orgamization named “3rd Generation Partnership Project 27
(3GPP2). The technigues described herein may be used for the systems and radio
technologies mentioned herein as well as other systems and radio techmnologies. 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 description,
the techniques described herein are applicable beyond LTE, LTE-A, LTE-A Pro, or NR

applications.

16295] A macro cell generally covers a relatively large geographic area{e.g., several
kilometers i radius) and may allow unrestricted access by UEs with service subscriptions
with the network provider. A small cell may be associated with a lower-powered base station,
as compared with a macro cell, and a small cell may operate in the same or different (e g,
licensed, unlicensed, eic.} frequency bands as macro cells. Small cells may include pico cells,
femto cells, and micro cells according to various examples. A pico cell, for example, may
cover a small geographic area and may allow unrestricied access by UEs with service
subscriptions with the network provider. A femito cell may also cover a small geographic area
{e.g., a home) and may provide restricted access by UEs having an association with the femto
cell {e.g., UFs in a closed subscriber group (CSG), UEs 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 1o as a small cell eNB, a pico eNB, a femito 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 using one or multiple component carriers,

6296} The wireless communications systems described herein may support synchronous
or asynchronous operation. For synchronous operation, the base stations may have similar
frame timing, and transmissions from different base stations may be approximately aligned in
time. For asynchronous operation, the base stations may have different frame timing, and
transmissions from different base stations may not be aligned in time. The techniques

described herein may be used for either synchronous or asynchronous operations.
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6297} Information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbols, and chips that may be referenced throughout the
description may be represented by voltages, currents, electromagnetic waves, magnetic fields

or particles, optical fields or particles, or any combination thereof.

{6298} The various tllusirative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
DSP, an ASIC, an FPGA, or other programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general-purpose processor may be a microprocessor, but in the
aliernative, the processor may be any conventional processor, controller, microcontroller, or
siate machine. A processor may also be implemented as a combination of compuiing devices
{e.g., a combination of a DSP and a microprocessor, multiple microprocessors, one or nore

NCroprocessors in conjunction with a DSP core, or any other such configuration).

[3299] The functions described herein may be implemented n 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
mstructions or code on a compuier-readable medium. Gther examples and implementations
are within the scope of the disclosure and appended claims. For example, due 1o 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 implemenied at different physical locations.

{6360} Computer-readable media includes both non-{ransitory computer storage media
and communication media including any medium that facilitates transter of a computer
program from one place to another. A non-transitory storage mediurm may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not lumtation, non-transitorv computer-readable media may include randorn-
access memory (RAM), read-only memory (ROM), electrically erasable programmable ROM
(EEPROM), flash memory, compact disk {CD) ROM or other optical disk storage, magnetic

disk storage or other magnetic storage devices, or any other non-transitory medium that can
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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-purpose or special-purpose commuer, or a
general-purpose or special-purpose processor. Also, any connection is properly fermed a
computer-readable medium. For example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless lechnologies such as infrared, radio, and microwave, then
the coaxial cable, fiber optic cable, twisted patr, DSL, or wireless technologies such as
mirared, radio, and microwave are included in the definition of medium. Disk and disc, as
used herein, include CD, laser disc, optical disc, digital versatile disc (BVD), floppy disk and
Bluray disc where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above are also included within the scope of

computer-readable media.

[6301] As used herein, including in the claims, “or” as used in alist of ttems (e.g., a list
of ttems prefaced by a phrase such as “at least one of” or “one or more of ") indicates an
mclusive list such that, for example, a list of at least one of A, B,orCmeans A or Bor C or
AB or AC or BC or ABC (1.2, A and B and ). Also, as used herein, the phrase “based on™
shall not be construed as a reference to a closed set of conditions. For example, an exemplary
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 disclosure. In other words, as
used herein, the phrase “based on” shall be construed i the same roanmer as the phrase

“based at least in part on.”

6302} Inr the appended figures, similar components or features may have the same
reference label. Further, various components of the same tvpe may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If just the fivst reference label 1s used in the specification, the deseriplion
is applicable to any one of the similar components having the same first reference label

irespective of the second reference label, or other subsequent reference label.

{0303] The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
inpiemented or that are within the scope of the claims. The term “exemplary™ used herein

means “serving as an example, instance, or tHlustration,” and not “preferred” or
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“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some instances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the

5 concepts of the described examples.

{6304] The description herein is provided to enable a person skilled in the art 1o make or
use the disclosure. Various modifications to the disclosure will be readilv apparent to those
skilled in the art, and the generic principles defined herein may be applied to other vaniations
without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
10 examples and designs described herein, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
YWhat is claimed is:

1 1. A method for wireless communication at a relay node, comprising:

[RS]

determaning a channel status for each of a plurality of downlink beamforming
directions between a parent node and the relay node based at least in part on a downlink

beamforming direction between the relay node and a child node;

L s W

fransmitting a report 1o the parent node indicating at least a subset of the
channel statuses and an indication that a respective downlink beamforming direction of the
plurality of downlink beamforming directions corresponds fo a respective channel status n

the subsst of the channel statuses;

NelEe s e

recetving a grant from the parent node indicating a first downlink
10 beamforming direction from the plurality of downlink beamforming directions; and
11 monitoring for a downlink transmission from the parent node based at least in

12 part on the grant and the first downlink beamforming direction.

i 2. The method of claim 1, wherein receiving the grant further comprises:
2 receiving the grant indicating a resource allocation for simultaneous

3 wransmission and reception by the relay node when operating 1n a full duplex mode.

i 3. The method of claim 2, further comprising:

2 receiving the downlink transmuission from the parent node within the resource
3 allocation: and

4 transmitting a second downlink transmission to the child node within the

5 resource allocation via the downlink beamforming direction between the relav node and the
6 child node.

I 4. The method of claim 1, further comprising:

2 communicating a reference signal or a synchronization signal with the child

3 wvode, wherein the downlink beamforming direction between the relay node and the child

4 node is identified based at least in part on the communicating.

i 5. The method of claim 1, further comprising:
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identifving a self-interference level between each downlink beamformuing
direction in the plurality of downlink beamforming directions between the parent node and
the relay node and the downlink beamforming direction between the relay node and the child
node; and

determining, for a full duplex mode, the channel status for each of the plurality
of downlink beamforming directions between the parent node and the relay node based al

least in part on the dentified self-interference levels.

6. The method of claim 1, wherein determining the channel status for
each of the plurality of downlink beamforming directions further comprises:

determining, for a non-full duplex mode, a first channel status for each of the
phurality of downlink beamforming directions between the parent node and the relay node:
and

determining, for a full duplex mode, a second channel status for each of the
plurality of downlink beamforming directions between the parent node and the relay node,
wherein the report indicating the subset of the channel statuses is based at least in part on the

first and second channel statuses.

7. The method of claim 6, wherein determining the channel status for
each of the plurality of downlink beamforming directions comprises:

determining a beamforming channel gain for each of the phwality of downlink
beamf{orming directions between the parent node and the relay node, wherein the first channel
status for each of the plurality of downlink beamforming directions between the parent node
and the relay node is deternuned based at least i part on the beamforming channel gain for
each of the plurality of downlink beamforming directions between the parent node and the
relay node; and

determining a ratio of beamforming channel gain over self-interference level
for each of the plurality of downlink beamforming directions between the parent node and the
relay node based at least in part on the identified self-interference levels and the deternuned
beamforming channel gains, wherein the second chanmel status for each of the plurality of
downlink beamforming directions between the parent node and the relay node is determined

based at least in part on the ratio.

8. The method of claim 6, further comprising:
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determmning, based at least in part on the grant, a non-full duplex mode
downlink beamforming direction for non-full duplex transmissions from the parent node; and

deternuining, based at least in part on the grant, a full duplex downlink
beamforming direction for full duplex mode for full duplex communications between the
parent node and the relay node, for full duplex communications between the relay node and

the child node, or a combination thereof.

9. The method of claim 1, wherein the child node 1s a user equipment

(UE) or asecond relay node.

10, The method of claim 1, wherein the relay node comprises arelay node

within an integrated access and backhaul ({AB) network.

. A method for wireless commumication at a relay node, comprising:

determining a channel status for each of a plurality of uplink beamforming
directions between a parent node and the relay node based at least in part on an uplink
beamforming direction between the relay node and a child node;

{fransmitiing an uplink reference signal 1o the parent node using ai least a
subset of the plurality of uplink beamforming directions based at least in part on the channel
statuses,

receiving a grant from the parent node indicating a first uplink beamforming
direction from the plurality of uplink beamforming directions; and

transmitting, via the first uplink beamforming direction, an uplink

transmission to the parent node based at least in part on the grant.

12. The method of claim 11, wherein recetving the grant comprises:
receiving the grant indicaiing a resource allocation for simultaneous

transmassion and reception by the relay node when operating in a full duples mode.

13, The method of claim 12, wherein transmutting the uplink transmission
further comprises:

transmutting the uplink transmission to the parent node within the resource
allocation, the method further comprising; and

recetving a second uplink transmission from the child node within the resource

allocation via the uplink beamforming direction between the relay node and the child node.
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14, The method of claim 11, further comprising:
communicating a reference signal or a synchromization signal with the child
nade, wherein the uplink bearnfornung direction between the relay node and the child node is

wdentified based at least in part on the communicating.

15. The method of claim 11, further comprising:

identifying a self-interference level batween each beamforming direction in
the plurality of uplink beamforming directions between the parent node and the relay node
and the uplink beamforming direction between the relay node and the child node; and

determining, for a {ull duplex mode, the channel status for each of a plurality
of uplink beamforming directions between the parent node and the relay node based at least

m part on the identified self-interference levels.

16. The method of claim 11, wherein transnutting the uplink reference
signal further comprises:

transntting, for a non-fudl duplex mode, a first uplink reference signal to the
parent node; and

transmitiing, for a full duplex mode, a second uplink reference signal to the
parent node, wherein the grant indicating the first uphnk beamforming direction is based at

least i part on the first uplink reference signal and the second uplink reference signal.

17. The method of claim 16, further comprising:
transmitting a signal to the parent node identifving the first uplink reference
signal for the non-full duplex mode and the second uplink reference signal for the full duplex

mode.

8. The method of claim 16, wherein transmiiting the uplink reference
signal further comprises:

transmutting the first uplink reference signal within a first resource associated
with the non-full duplex mode; and

transmutting the second uplink reference signal within a second resource

associated with the full duplex mode.

1. The method of claim 16, further comprising:
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determmning, based at least in part on the grant, a non-full duplex mode uplink
beamforming direction for non-full duplex transmissions to the parent node; and

deternvining, based at least in part on the grant, a full duplex uplink
beamforming direction for a fulf duplex mode for full duplex communications between the
parent node and the relay node, for full duplex communications between the relay node and

the child node, or a combination thereof.

20. The method of claim 11, wherein the relay node comprises a relay

node within an integrated access and backhaul (1AB) network.

21 A method for wireless communications at a parent node, comprising:

receiving a report from a relay node indicating a set of channel statuses and a
respective downlink beamforming direction of a plurality of downlink beamforming
directions between the parent node and the relay node that corresponds to a respective
channel status in the set the channel statuses, the set of channel statuses determined for the
phurality of downlink beamforming directions between the parent node and the relay node
based at least in part on a downlink beamforming direction between the relay node and a
child node;

transmitting a grant to the relay node indicating a first downlink beamforming
direction from the plurality of downlink beamforming directions based at least inr part on the
report; and

transmitting a downlink transmission {o the relay node based at least in part on

the grant and the first downlink beamfornung direction.

22 The method of claim 21, wherein transmitting the grant further
COMprises:
transmutting the grant indicating a resource allocation for simultaneous

transmission and reception by the relay node when operating in a full duplex mode.

23 The method of claim 22, further comprising:
transmutting the downlink transmission from the parent node within the

resource allocation.

24 The method of claim 22, further comprising:
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selecting the first downlink beamforming direction from the plurality of
downlink beamtorming diractions for the resource allocation based at least in part on the

report.

25, The method of claim 21, wherein transmitting the grant comprises:

transmitting the grant to identify, for a non-full duplex mode, a second
downlink beamforming direction for non-full duplex transmuissions from the parent node; and

transmitting the grant to identify, for a full duplex mode, the first downlink
bearnfornming direction for the full duplex mode for full duplex communications between the
parent node and the relay node, for full duplex communications hetween the relay node and

the child node, or a combination thereof.

26. The method of claim 21, wherein the child node comprises a user

equipment (UE) or a second relay node.

27 The method of claim 21, wherein the parent node comprises a parent

relay node within an integrated access and backhaul (JAB) network.

28. A method for wireless communications at a parent node, comprising:

receiving an uplink reference signal from a relay node transmutted using a
subset of a plurality of uplink beamforming directions;

transmitiing a grant to the relay node mdicating a first uplink beamforming
direction from the plurality of uplink beamforming directions based at least in part on the
uplink reference signal; and

monitoring for an uplink transmission from the relay node based at least in

part on the grant and the first uplink beamforming direction.

29. The method of claim 28, wherein {ransmitting the grant comprises:
transmitting the grant indicating a resource allocation for simultaneous

transmassion and reception by the relay node when operating in a full duples mode.

30. The method of claim 29, further compnising;
receiving the uplink transmission from the relay node within the resource

allocation.

31 The method of claim 29, further comprising:
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selecting the first uplink beamforming direction from the plurality of uplink
beamforming directions for the resource allocation based at least in part on the uplink

reference signal.

32. The method of claim 28, wherein receiving the uplink reference signal
comprises:

receiving, for a non-full duplex mode, a first uplink reference signal from the
relav node; and

receiving, for a full duplex mode, a second uplink reference signal from the
relay node, wherein the grant indicating the first uplink beamforming direction 15 based at

least in part on the first uplink reference signal and the second uplink reference signal.

33. The method of claim 32, further comprising:
receiving a signal from the relay node identifving the first uplink reference
signal for the non-full duplex mode and the second uplink reference signal for the full duplex

mode.

34 The method of claim 32, further comprising:

receiving the first uplink reference signal via a first resource associated with
the non~{ull duplex mode; and

receiving the second uplink reference signal via a second resource associated

with the full duplex mode.

35, The method of claim 28, wherein the parent node comprises a parent

node within an integrated access and backhaul (IAB) network,

36, An apparatus for wireless communication at a relay node, comprising:
& Processor,
memory coupled with the processor; and
mstructions stored in the memory and executable by the processor to cause the
apparaius {o:
determune a channel status for each of a plurality of downlink
beamforming directions between a parent node and the relay node based at least in

part on a downlink beamforming direction between the relay node and a child node;
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fransmut a report to the parent node indicating at least a subset of the
channel statuses and an indication that a respective downlink beamforming direction
of the plurality of downlink beaniforming directions corresponds fo a respective
channel status in the subset of the channel statuses;

receive a grant from the parent node indicating a first downlink
beamforming direction from the plurality of downlink beamforming directions; and

montior for a downlink transmission from the parent node based at

least in part on the grant and the first downlink beamforming direction.

37.  The apparatus of claim 36, further comprising a receiver, wherein the
mstructions to receive the grant further are executable by the processor to cause the apparatus
{eX

receive, via the receiver, the grant indicating a resource allocation for
simulianeous transmission and reception by the relay node when operating in a full duplex

mode.

38 The apparatus of claim 37, wherein the instructions are {urther
executable by the processor to cause the apparatus to:

receive the downlink fransmission from the parent node within the resource
allocation; and

transmit a second downlink transmission to the child node within the resource
allocation via the downlink beamforming direction between the relay node and the chuld

node.

39, The apparatus of claim 36, wherein the mstructions are further
executable by the processor to cause the apparatus to:

conumunicate a reference signal or a synchronization signal with the child
node, wherein the downlink beamforming direction between the relay node and the child

node is identified based at ieast in part on the communicating.

40.  The apparatus of claim 36, wherein the instructions are further
executable by the processor to cause the apparatus to:
identify a self-interference level between each downlink beamforming

direction in the plurality of downlink beamforming directions between the parent node and
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the relay node and the downlink beamforming direction between the relay node and the child
node; and

deternuine, for a full duplex mode, the channel status for each of the plurality
of downlink beamforming directions between the parent node and the relay node based at

feast 1o part on the identified self-interference levels.

41, The apparatus of claim 36, wherein the mstructions to determine the
chanmel status for each of the plurality of downhnk beamforming directions further are
executable by the processor to cause the apparatus to:

determine, for a non-full duplex mode, a first channel status for each of the
plurality of downlink beamforming directions between the parent node and the relay node;
and

determine, for a full duplex mode, a second channel status for each of the
phlurality of downlink beamforming directions between the parent node and the relay node,
wherein the report indicating the subset of the channel statuses is based at least in part on the

first and second channel statuses.

42, The apparatus of claim 41, wherein the mstructions to deternune the
channel status for each of the plurality of downlink beamforming directions are executable by
the processor to cause the apparatus to:

determine a beamforming channel gain for each of the plurality of downlink
beamf{orming directions between the parent node and the relay node, wherein the first channel
status for each of the plurality of downlink beamforming directions between the parent node
and the relay node is deternuned based at least i part on the beamforming channel gain for
each of the plurality of downlink beamforming directions between the parent node and the
relay node; and

determine a ratio of beamforming channel gain over self-interference level for
each of the plurality of downlink beamforming directions between the parent node and the
relay node based at least in part on the identified self-interference levels and the deternuned
beamforming channel gains, wherein the second chanmel status for each of the plurality of
downlink beamforming directions between the parent node and the relay node is determined

based at least in part on the ratio.
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i 43, The apparatus of claim 41, wherein the instructions are {urther

2 executable by the processor to cause the apparatus {0

(5

determune, based at least in part on the grant, a non-full duplex mode downlink

4 beamforming direction for non-full duplex transmissions from the parent node; and

5 determine, based at least in part on the grant, a full duplex downlink

6 beamforming direction for full duplex mode for full duplex communications between the

7 parent node and the relav node, for full duplex communications between the relay node and

&  the child node, or a combination thereof.

I 44 The apparatus of claim 36, wherein the child node i3 a user equiprent

2 (UE)or asecond relay node.

I 45, The apparatus of claim 36, wherein the relay node comprises a relay

2 node within an integrated access and backhaul (1AB) network.

i 46, An apparatus for wireless communication at a relay node, comprising:

2 a processor,

3 memory coupled with the processor; and

4 mstructions stored in the memory and executable by the processor to cause the

5 apparatus {0

6 determine a channel status for each of a plurality of uplink

7 beamfornung directions between a parent node and the relay node based at least in

8 part on an uplink beamforming direction between the relay node and a child node;

9 transmit an uplink reference signal to the parent node using at feast a
10 subset of the plurality of uplink beamforming directions based at least in part on the
11 channel statuses;

12 receive a grant from the parent node indicating a first uphink
13 beamforming direction from the plurality of uplink beamfornung directions; and
14 transyoit, via the first uplink beamtorming direction, an uplink
15 transmission to the parent node based at least in part on the grant.
1 47 The apparatus of claim 46, wherein the instructions to receive the grant

2 are executable by the processor to cause the apparatus to:
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receive the grant indicating a resource allocation for simultaneous

transmission and reception by the relay node when operating in a full duplex mode.

48, The apparatus of claim 47, wherein the mstructions to transmit the
uplink trangmission further are executable by the processor 1o cause the apparatus to:
fransmit the uplink transmussion to the parent node within the resource

allocation, the method further comprising.

49, The apparatus of claim 46, wherein the imstructions are further
executable by the processor to cause the apparatus to:

commumicate a reference signal or a synchronization signal with the child
node, wherein the uplink beamforming direction between the relay node and the child node 1s

identified based at least in part on the communicating,

50.  The apparatus of claim 46, wherein the instructions are further
executable by the processor to cause the apparatus {o:

identify a self-interference level between each beamforming direction in the
plurality of uplink beamforming directions between the parent node and the relay node and
the uplink beamforming direction between the relay node and the child node; and

determine, for a full duplex mode, the channel status for each of a plurality of
uplink bearmforming directions between the parent node and the relav node based at least in

part on the identified self-interference levels.

51, The apparatus of claim 46, wherein the instructions to transmit the
uplink reference signal further are executable by the processor to cause the apparatus to:

transmit, for a non-full duplex mode, a first uplink reference signal to the
parent node; and

transmit, for a full duplex mode, a second uplink reference signal to the parent
node, wherein the grant indicating the first uplink beamforming direction is based at least in

art on the first uphink reference signal and the second uplink reference signal.
&

52, The apparatus of claim 51, wherein the instructions are further
executable by the processor to cause the apparatus {o:
transmit a signal to the parent node identifying the first uplink reference signal

for the non-fill duplex mode and the second uplink reference signal for the full duplex mode.
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533, The apparatus of claim 51, wherein the instructions to transmit the
uplink reference signal further are executable by the processor 10 cause the apparatus (o

transtit the first uphink reference signal within a first resource associated with
the non-full duplex mode; and

transmit the second uplink reference signal within a second resource

associated with the full duplex mode.

54, The apparatus of claim 51, wherein the imstructions are further
executable by the processor to cause the apparatus to:

determine, based at least in part on the grant, a non-full duplex mode uphink
bearnfornming direction for non-full duplex transnussions to the parent node; and

determine, based at least in part on the grant, a full duplex uplink
beamforming direction for a full duplex mode for full duplex comnunications between the
parent node and the relay node, for full duplex communications between the relay node and

the child node, or a combination thereof.

35. The apparatus of claim 46, wherein the relay node comprises a relay

node within an integrated access and backhaul (FAB) network.

36. An apparatus for wireless communications at a parent node,
comprising:
4 Processor,
memory coupled with the processor; and
mstructions stored in the memory and execuiable by the processor to cause the
apparatus {o:
receive a report from a relav node indicating a set of channel statuses
and a respective downlink beamforming direction of a plurality of downhink
beamforming directions between the parent node and the relay node that corresponds
{0 a respective channel status 1n the set the channel statuses, the set of channel statuses
determined for the plurality of downlink beamforming directions between the parent
node and the relav node based at least in part on a downlink beamforming direction

between the relay node and a child node;
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fransmut a grant to the relay node indicating a first downlink
beamforming direction from the plurality of downlink beamforming directions based
at feast in part on the report; and

transmit a downlink transmission to the relay node based at least in

part on the grant and the first downlink beamforming divection.

57 The apparatus of claim 56, wherein the instructions to transmit the
grant further are executable by the processor o cause the apparatus 1o
transut the grant indicating a resource allocation for simultaneous

transmassion and reception by the relay node when operating in a full duplex mode.

58, The apparatus of claim 57, wherein the instructions are further
executable by the processor to cause the apparatus {o:
transmit the downlink transmission from the parent node within the resource

allocation.

59, The apparatus of claim 57, wherein the instructions are further
executable by the processor to cause the apparatus to:
select the first downlink beamforming direction from the plurality of downlink

beamforming directions for the resource allocation based at least in part on the report.

60.  The apparatus of claim 56, wherein the instructions to transmit the
grant are executable by the processor to cause the apparatus to:

transmit the grant to identify, for a non-full duplex mode, a second downlink
beamforming direction for non-full duplex transmissions from the parent node; and

transmit the grant to identify, for a full duplex mode, the first downlink
beamforming direction for the full duplex mode for full duplex communications between the
parent node and the relay node, for full duplex communications between the relay node and

the child node, or a combination thereof.

61 The apparatus of claim 56, wherein the child node comprises a user

equipmoent (UE) or a second relay node,

62, The apparatus of claim 56, wherein the parent node comprises a parent

relay node within an integrated access and backhaul (IAB) network.
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i 63. An apparatus for wireless commumications at a parent node,

2 comprising

3 4 Processor,

4 memory coupled with the processor; and

5 instructions stored in the memory and execuiable by the processor o cause the

6 apparatus io:

7 receive an uplink reference signal from a relay node transmitted using

] a subset of a plurality of uplink beamfornung directions;

9 transyoit a grant to the relay node indicating a first uplink beamforming
10 direction from the plurality of uplink beamforming directions based at least in part on
11 the uplink reference signal; and
iz monitor for an uplink transmission from the relay node based at least in
i3 part on the grant and the first uplink beamforming direction.

i 64.  The apparatus of claim 63, wherein the instructions to transmit the

2 grant are executable by the processor to cause the apparatus to:

3 transmit the grant indicating a resource allocation for simultaneous

4  transmission and reception by the relay node when operating in a full duplex mode.

| 635. The apparatus of claim 64, wherein the instructions are further

2 executable by the processor to cause the apparatus to:

3 receive the uplink transmission from the relay node within the resource
4 allocation.

I 66.  The apparatus of claim 64, wherein the instructions are further

2 execulable by the processor to cause the apparatus to:

3 select the first aplink beamforming direction from the plurality of uplink
4 beamforming directions for the resource allocation based at least in part on the uplink

5  reference signal.

1 67.  The apparatus of claim 63, wherein the instructions to receive the
2 uplink reference signal are executable by the processor to cause the apparatus o

3 receive, for a non-full duplex mode, a first uplink reference signal fromthe
4 relay node; and
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receive, for a full duplex mode, a second uplink reference signal from the
relay node, wherein the grant indicating the first uplink beamforming direction is based at

feast in part on the first uplink reference signal and the second uplink reference signal.

68.  The apparatus of claim 67, wherein the instructions are further
executable by the processor to cause the apparatus to:

receive a signal from the relav node identifying the first uplink reference
signal for the non-tull doplex mode and the second uphink reference signal for the full duplex

mode.

69, The apparatus of claim 67, wherein the instructions are further
executable by the processor 1o cause the apparatus to:

receive the first uplink reference signal via a first resource associated with the
non-full duplex mode; and

receive the second uplink reference signal via a second resource associated

with the full duplex mode.

70. The apparatus of claim 63, wherein the parent node comprises a parent

node within an integrated access and backhaul (FAB) network.

71. An apparatus for wireless communication at a relay node, comprising:

means for determining a channel status for each of a plurality of downlink
beamforming directions between a parent node and the relay node based at least in parton a
downlink beamforming direction between the relay node and a child node;

means for fransmitting a report to the parent node mndicating at feast a subset
of the channel statuses and an indication that a respective downlink beamforming direction of
the plurality of downlink beamforming directions corresponds to a respective channel status
i the subset of the channel siatuses;

means for receiving a grant from the parent node indicating a furst downlink
bearnfornuing direction from the plurality of downlink beamforming directions; and

means for monitoring for a downlink transmussion from the parent node based

at least in part on the grant and the first downlink beamforming direction.

72 An apparatus for wireless communication at a relay node, comprising:
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2 means for determining a channel status for each of a plurality of uplink
3 beamforming directions between a parent node and the relay node based at least in part on an
4 uplink beamforming direction betwaen the relay node and a child node;
5 means for transmutting an uplink reference signal o the parent node using at
6 least a subset of the plurality of uplink beamforming directions based at least i part on the
7 channel statuses;
& means for receiving a grant from the parent node indicating a first uphink
9 beamforming direction from the plurality of uplink beamforming directions; and
10 means for fransmitting, via the first uplink beamforming direction, an uplink

11 iransmission to the parent node based at least in part on the grant.

i 73. An apparatus for wireless communications at a parent node,
2 comprising
3 means for recetving a report from a relay node indicating a set of channel
4 statuses and a respective downlink bearforming direction of a plurality of downlink
5 beamforming directions between the parent node and the relay node that corresponds to a
6 respective channel status in the set the channel statuses, the set of channel statuses
7 determined for the plurality of downlink beamforming directions between the parent node
&  and the relay node based at least in part on a downlink beamforming direction between the
9  relay node and a child node;

10 means for transmitting a grant to the relay node indicating a first downlink

11 beamforming direction from the plurality of downlink beamforming directions based at least
12 inpart on the report; and
13 means for fransmitting a downlink transmission to the relay node based at least

i4  inpart on the grant and the first downlink beamforming divection.

74. An apparatus for wireless communications at a parent node,

[N I

comprising:

(5

means for recetving an uplink reference signal from a relay node transmitted
4 using a subset of a plurality of uplink beamforming directions;

5 means for fransmitting a grant to the relay node indicating a first uplink

6  beamforming direction from the plurality of uplink beamforming directions based at leastin

7 part on the uphnk reference signal; and
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means for monitoring for an uplink transmission from the relay node based at

feast i part on the grant and the first uplink beamforming direction.

75. A non-transitory cornputer-readable medium storing code for wireless
communication at a relay node, the code comprising instructions executable by a processor
to!

determine a channel status for each of a phurality of downlink beamforming
directions between a parent node and the relay node based at least in part on a downhink
bearnfornming direction between the relay vode and a chuld node;

transmit a report o the parent node indicating at least a subset of the channel
statuses and an indication that a respective downlink beamforming direction of the plurality
of downlink beamforming directions corresponds to a respective channel status in the subset
of the channel statuses;

receive a grant from the parent node indicating a first downlink beamforming
direction trom the plurality of downlink beamforming directions; and

monttor for a downlink transmission from the parent node based at least in

part on the grant and the first downlink beamforming direction.

76. A non-transitory computer-readable medium storing code for wireless
communication at a relay node, the code comprising imstructions executable by a processor
to!

determine a channel status for each of a plurality of uplink beamforming
directions between a parent node and the relay node based at least i part on an uplink
bearnfornming direction between the relay vode and a chuld node;

transmt an uplink reference signal to the parent node using at least a subset of
the phurality of uplink beamforming directions based at feast in part on the channel statuses;

receive a grant from the parent node indicating a first uplink beamforming
direction from the plurality of uplink beamforming directions; and

transmit, via the first uphink beamformung direction, an uplink transmussion to

the parent node based at least in part on the grant.

77. A pon-transitory cornputer-readable medium storing code for wireless
communications at a parent node, the code comprising instructions executable by a processor

to:
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receive a report from a relay node indicating a set of channel statuses and a
respective downlink beamforming direction of a plurality of downlink beamforming
directions between the parent node and the relay node that corresponds to a respective
channel status in the set the channel statuses, the set of channel statuses determined for the
plurality of downlink beamforming directions between the parent node and the relay node
based at least in part on a downlink beamforming direction between the relay node and a
child node:

transmit a grant {0 the relav node indicating a first downlink beamforming
direction from the plurality of downlink beamforming directions based at least m part on the
report; and

transmit a downlink transmission to the relay node based at least i part on the

grant and the first downlink bearoformung direction.

78. A non-lranstiory computer-readable medium sioring code for wireless
communications at a parent node, the code comprising instructions executable by a processor
18X

receive an uplink reference signal from a relay node transmitted using a subset
of a plurality of uplink beamforming directions;

fransmit a grant to the relay node indicating a first uplink beamforming
direction from the plurality of uplink beamforming directions based at least in part on the
uplink reference signal; and

monttor for an uplink transmission from the relay node based at least in part

on the grant and the first uplink beamforming direction.
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parent node based on the grant \ 1420
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Receive a report from a relay node
indicating a set of channel statuses and a
respective downlink beamforming
direction of a set of downlink
beamforming directions between the
parent node and the relay node that

corresponds to a respective channel status
in the set the channel statuses, the set of \ 1505
channel statuses determined for the set of
downlink beamforming directions between
the parent node and the relay node based
on a downlink beamforming direction
between the relay node and a child node

A 4
Transmit a grant to the relay node
indicating a first downlink beamforming
direction from the set of downlink
beamforming directions based on the \ 1510
report

Y

Transmit a downlink transmission to the
relay node based on the grant and the first
downlink beamforming direction \ 1515
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Receive an uplink reference signal from a
relay node transmitted using a subset of a
set of uplink beamforming directions X 1605

Y

Transmit a grant to the relay node
indicating a first uplink beamforming
direction from the set of uplink
beamforming directions based on the \ 1610
uplink reference signal

A4

Monitor for an uplink transmission from
the relay node based on the grant and the
first uplink beamforming direction \ 1615
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