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(57) Abstract: Systems and methods for enhancing the use of pre-emptive buffer status reports (pre- BSRs) in wireless communications
systems implementing integrated access and backhaul (1AB) networks are disclosed herein. In some cases, an 1AB node can re-classify

the LCGs of one or more incoming data flows according to such pre-BSR usage. This may involve the use of and extended medium
access control (MAC) control element (MAC CE) having more LCG bits than previously contemplated, having sub-LCG bits, or that
includes further LCG classification information bits. Other embodiments use a priority index for LCGs in an extended pre-BSR MAC

CE. The priority index may include one or more of a priority field, a prioritized bit rate (PBR), and/or a bucket size duration (BSD)

that is reported to an [AB donor. Other embodiments leverage the provision of additional grants from an [AB node to a child [AB node
to reduce unwanted pre-BSR effects.
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P-BSR ENHANCEMENTS FOR TAB NETWORKS TO IMPROVE E2E LATENCY

TECHNICAL FIELD

[86601] This application relates generally to wireless commumication systems, inchiding the
use of pre-emptive buffer status reports (pre-BSRs) in wireless commuunications systems

implementing integrated access and backhaul (IAB) networks.

BACKGROUND

180821 Wureless mobtile communication technology uses various standards and protocols to
transmit data between a base station and 3 wireless mobile device. Wireless communication
system standards and protocols can include the 3rd Generation Partnership Project (3GPP) long
term evolution (LTE) {e.g., 4G} or new radio (NR) {e.g., 5G); the Institute of Electrical and
Electronics Engineers (IEEE) 802,16 standard, which 1s commonly known to industry groups as
worldwide interoperability for microwave access (WiMAX]); and the IEEE 802.11 standard for
wireless local area networks (WLAN), which is commonly known to industry groups as Wi-Fi.
In 3GPP radio access networks (RANs) in LTE systems, the base station can include a RAN
Node such as a Evoived Universal Terrestrial Radio Access Network (E-UTRAN) Node B (also
commonly denoted as evolved Node B, enhanced Node B, eNodeB, or eNB}) and/or Radio
Network Controlier (RNC) in an E-UTRAN, which communicate with a wireless
communication device, known as user equipment (UE). In fifth generation (5G) wireless RANs,
RAN Nodes can include a 5G Node, NR node (also referred to as a next generation Node B or g
Node B (gNB)).

(0663} RANSs use a radio access technology (RAT) to communicate between the RAN Node
and UE. RANs can include global system for mobile communications (GSM), enhanced data
rates for GSM evolution (EDGE) RAN (GERAN}, Universal Terrestrial Radio Access Network
(UTRAN), and/or E-UTRAN, which provide access to communication services through a core
network. FEach of the RANs operates according to a specific 3GPP RAT. For example, the
GERAN implements GSM and/or EDGE RAT, the UTRAN implements universal mobile
telecornmunication system {UMTS) RAT or other 3GPP RAT, the E-UTRAN implements LTE
RAT, and NG-RAN implements SG RAT. In certain deployments, the E-UTRAN may also
implement 3G RAT.
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18084} Frequency bands for 5G NR may be separated into two different frequency ranges.
Frequency Range 1 (FR1)} may include frequency bands operating in sub-6 GHz frequencies,
some of which are bands that may be used by previous standards, and may potentially be
extended to cover new spectrum offerings from 410 MHz to 7125 MHz. Frequency Range 2
(FRZ) may include frequency bands from 24.25 GHz to 52.6 GHz. Bands 1n the millimeter
wave {mmWave) range of FR2 may have smaller coverage but potentially higher avatlable
bandwidth than bands in the FR1. Skilled persons will recognize these frequency ranges, which

are provided by way of example, may change from time to time or from region to region.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0805] To easily identify the discussion of any particular element or act, the most significant
digit or digits in a reference number refer to the figure number in which that element 1s first

introduced.

[00606] FIG. 1 illustrates an example integrated access and backhaul (1AB) network for certain

embodiments.

[6607] FIG. 2 illustrates an example protocol architecture for TAB in accordance with one

embodiment.
[0008] FIG. 3 illustrates a signaling flow for an 1AB network using a pre-emptive buffer
status report {pre-BSR), according to an embodiment.

[6609] FIG. 4 illustrates a format for a medium access control (MAC) control element (MAC

CE) for transmitting a pre-BSR, according to an embodiment.

[0016] FIG. 5 illustrates a signaling flow showing various fairness issues that may arise when

using various pre-BSR implementations across an [AB network, according to an embodiment.

[8611] FIG. 6 illustrates a method of an IAB node of a wireless communication system,

according to an emnbodiment.

[8612] FIG. 7 illustrates a method of an TAB node of a wireless communication system,

according to an embodiment.

[8613] FIG. 8 illustrates a method of an TAB node of a wireless communication system,

according to an embodiment.
[60614] FIG. 9 illustrates a UE in accordance with one embodiment.

[8615] FIG. 10 dlustrates a network node in accordance with one embodiment.

J
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18016} FIG. 11 illustrates an example service based architecture in accordance with certain

embodiments.
(6817} FIG. 12 dlustrates an NG-RAN architecture in accordance with one embodiment.

[6618] FIG. 13 illustrates components in accordance with one embodiment.

DETAILED DESCRIPTION

18819] A millimeter wave (mmwave) deplovment of a wireless network may use fiber
backhaul in order to carry traffic at NR speeds. It may be difficult or expensive, however, to
provide fiber backhaul for the many nodes used for mmwave coverage. In certain systems,
integrated access and backhaul (IAB) may be used to overcome deployment costs of ultradense
NR mmWave networks by realizing wireless backhaul links to relay the access traffic.

186626] IAB architectures enable multi-hop routing wherein 1AB nodes serve as both access
nodes to UEs and provide backhaul (BH) links to other IAB nodes. On the wireless backhaul,
the IP layer is carried over the backhaul adaptation protocol (BAP) sublayer, which enables
routing over multiple hops. The BAP allows for the IAB nodes to talk to each other and
provides for a number of functionalities which include, for example, mapping of next hop radio
hink control (RLC) channels, routing to next hop IAB nodes (both child and parent) based on
traffic differentiation, indication of network events {e.g., radio link failure (RLF})), data
transfer, and/or flow control feedback signaling.

[6621] On each backhaul link, the BAP protocol data units (PDUs} are carried by BH RLC
channels. Multiple BH RLC channels can be configured on each BH link to allow traffic
prioritization and quality of service (QoS) enforcement. The BH-RLC-channel mapping for
BAP PDUs 1s performed by the BAP entities on each IAB node and the TAB donor data unit
(DU). In certain systems, RLC channel mapping may be done through a radio resource control
{RRC) recontiguration message from the donor control unut {(CU) to each of the individual
nodes. In some implementations of BH RLC channel establishment, separate RRC
reconfiguration messages are used to ensure that the setup 13 done hop by hop until the final
destination {at the UE).

[6622] FIG. 1 itlustrates an example TAB network 100 for certain embodiments. The IAB
network 100 includes an IAB donor 102 with a fiber backhaul connection {e.g., through an NG
interface) to a SG core network {(3GC) 104, In this exarmple, the IAB network 100 also an TAB

node 106 {shown as IAB Node 1-1), an IAB node 108 {(shown as TAB Node 2-1}, and an [AB

3



WO 2022/151129 PCT/CN2021/071679

node 110 (shown as IAB Node 3-1), although any number of IAB nodes or hops may be used to
establish a connection between a UE 112 and the SG{ 104. The 1AB node 110 establishes
communication between the UE 112 and the 5GC 104 using a wireless backhaul {(e.g., using an
NR-Uu interface}. Skilled persons will recognize from the disclosure herein that any of the
IAB nodes may also provide communication other UEs. For example, the IAB node 106 may
establish communication between a UE 114 and the 5GC 104. It is contemplated that an IAB
donor may also be properly considered, in at least some situations, as an IAB node as that term
is used herein {e.g., in the context of its relationship to its direct child IAB nodes).

[6623] The IAB donor 102, which may also be referred to as a backend node, comprises a DU
116 and a CU 118, Although shown as a single unit, the DU 116 of the IAB donor 102 may
comprise two or more DUs. The TAB node 106, IAB node 108, and IAB node 110 may be
referred to as intermediate nodes, child nodes or relay nodes and each includes two sub-
components: a DU and a mobile termunal (MT). A CU typically provides for the basic control
plane functionality. In certamn ernbodiments, a CU mcludes CU-control plane (CU-CP), CU-
user plane (CU-UP), and/or other functionality.

[6624] An MT comprises components that configure a network node (e.g., gNB) to behave
similar to a regular UE. For example, protocols that typical UEs use to connect to the network
are supported in the MT with additional enhancements discussed in 3GPP Rel. 16 and Rel 17
For example, an MT in the IAB node 108 allows the TAB node 108 to establish signaling radio
bearers {SRBs) and/or data radio bearers (DRBs) with 1ts parent node (the IAB node 106). An
MT performs cell selection to identify which parent to join and sets up and utilizes RLC
through the BAP layer that provides functionality for routing data for different UE bearers over
different routes through the network.

[8625] FIG. 2 illustrates an example protocol architecture for IAB 200 according to one
embodiment. The example protocol architecture for TAB 200 shows various protocol layers for
a UE 202, a first IAB node 208 (IAB-node 1}, a second IAB node 204 (1AB-node 2}, and an
TAB donor 206. The vartous layers may correspond to mobile terminated (MT), distributed
unit (DU}, or centralized unit (CUj-user plane (UP) entities. The DU and CU-UP of the IAB
donor 206 may communicate through an intra-donor F1-U interface. In this example, the UE
202 wirelessly communicates with the second 1AB node 204 through the UE's dedicated radio
bearer {DRB), and the second IAB node 204 wirelessly relays the uplink traffic to the first IAB
node 208 through a backhaul (BH) radio link control (RLC) channel. The protocol layers

4
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include, for example, medium access control {MAC), RLC, packet data convergence protocol
{(PDCP), service data adaptation protocol {(SDAP), internet protocol (IP), user datagram
protocol {UDP), and general packet radio service (GPRS) tunneling protocol user plane (GTP-
U3

[6626] The example protocol architecture for IAB 200 also includes a backhaul adaptation
protocol {BAP) laver that provides functionality for routing data for different UE bearers over
different routes through the network. This may be done by having an adaptation layer header
that includes some information to identify a bearer. The routing includes mapping incoming

data to an outgoing link based on the bearer identifier.

(60627} Given that different UE bearers can be carried on different routes through the network,
in certain embodiments, the buffer occupancy status generated by a node may be relevant only

to bearers that are routed through that node and the IAB nodes on those routes.

[6628] Embodiments herein contemplate the use of buffer status reports {BSRs) and pre-
emptive BSRs {(pre-BSRs). A BSR allows a sending entity to indicate to a receiving entity the
size of a data buffer that is desired to be sent by the sending entity to the receiving entity. This
data buffer may comprise one or more PDUs, with a corresponding size for the one or more
PDUs being sent. This allows the receiving entity to provide an appropriate UL grant of
resources that may be used by the sending entity to send the data in the data bufter to the
receiving entity. The UL grant may be appropriate in that it may be sized to roughly
correspond to the amount of data to be so sent. A BSR may be used between UEs and TAB
nodes and/or as between IAB nodes, in the manner iHustrated. A sending entity may be himited
in how frequently it 1s allowed {(e.g., by pre-configuration) to send a BSR 1o a receiving entity.
For example, once a sending entity sends a first BSR to a receiving entity, it may start a timer
that allows for the sending of a second BSR {corresponding to other UL data) only upon its
expiration. A BSR (as opposed to, e.g., a pre-BSR) may be sometimes referred to hereinas a
“regular BSR.”

16629] In IAB embodiments, a pre~-BSR may be used wn place of one or more BSR between a
pair of [AB nodes. The pre-BSR be sent by a sending IAB node to a receiving IAB node in
order to provide the receiving IAB node with information regarding an amount of data that the
sending IAB node expects to receive from an 1AB node and/or a UE that 15 a child of the
sending IAB node. This mformation may be known at the sending 1AB node due to a BSR {or

pre-BSR that has been previcusly received at the sending IAB node. The pre-BSR may

5
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accordingly be triggered by such receipt of this BSR (or pre-BSR) at the sending IAB node. In
some embodiments, the pre-BSR sent by the sending node is instead triggered by the sending
by the sending IAB node of a UL grant corresponding to such a BSR (or pre-BSR) that has

been received at the sending IAB node.

[66308] It in contemplated that solutions described herein may add additional utility to, for
example, the use of pre-BSRs, in an [AB context, in the manner that will be described below.
186631} FIG. 3 illustrates a signaling flow 300 for an TAB network using a pre-emptive buffer
status report {pre-BSR} 334, according to an embodiment.

[6632] The IAB network implementing signaling flow 300 includes a UE B 302, a UE A 304,
an AR node 1 306, an 1AB node 2 308, an IAB donor 310, and the SGC 312, The IAB node 1
306 and the IAB node 2 308 may be relay IAB nodes within the IAB network from the
perspective of the UE B 302 and the UE A 304, in the manner tllustrated. Accordingly, each
may include a protocol stack that includes DU and an MT, as illustrated. The 1AB donor 316
may be a donor node for the IAB network. Accordingly, the IAB donor 310 may include a
protocol stack that includes a DU and a CU, as tllustrated. [t is contemplated that either of the
UE B 302 and/or the UE A 304 could each respectively represent a group of UEs.

[8033] The signaling flow 300 proceeds as illustrated, with the UE A 304 sending the BSR
314 and the UE B 302 sending the BSR 316 to the DU of the TAB node 1 306. In response to
the BSR 314, the [AB node 1 306 sends a UL grant 318 to the UE A 304, In response to the
BSR 316, the IAB node 1 306 sends a UL grant 320 to the UE B 302. Corresponding to the UL
grant 318 received at the UE A 304, the UE A 304 sends the PDU Al 322 to the DU of the IAB
node I 306. Corresponding to the UL grant 320 recetved at the UE B 302, the UE B 302 sends
the PDU B1 324 to the DU of the TAB node 1 306, It 15 contemplated that the PDU Al 32
and/or the PDU B1 324 could each respectively represent a group of PDUs.

[0034] The DU of the IAB node 1 306 then performs the first IAB node PDU Al transfer 326
to the MT of the TAB node 1 306. Because the IAB node 1 306 s a relay node between the UE
A 304 and the IAD node 2 308, it should forward the PDU Al 322 to the TAB node 2 308,
Accordingly, the MT of the IAB node 1 306 responds to the first IAB node PDU Al transfer
326 by sending the BSR 330 to the DU of the IAB node 2 308 to request uplink resources for
forwarding the PDU A1 322, The DJ of the 1AB node 2 308 responds to the BSR 330 with the
UL grant 332, and the MT of the IAB node 1 306 can in response send the PDU A1 322 to the
DU of the IAB node 2 308, as tllustrated.

6
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18635] As diustrated, DU of the IAB node 1 306 also performs the first 1AB node PDU Bl
transfer 328 to the MT of the IAB node 1 306. However, at this time, the MT of the IAB node
1 306 may be prevented from immediately sending a {regular) BSR corresponding to the PDU
B1 324 to the DU of the IAB node 2 308, This may be because a timer for the BSR 330 that
was previously sent to the DU of the IAB node 2 308 by the MT of the IAB node 1 306 has not
vet expired. Accordingly, instead of waiting for the timer to expire and then sending a
(regular} BSR corresponding to the PDU B1 324, the MT of the IAB node 1 306 instead sends a
pre-BSR 334 to the MT of the TAB node 2 308, because the pre-BSR 334 may not have the
same timer restrictions as regular BSRs. As the BSR 316 has already been sent to the IAB
node T 300 (and, in some embodiments, because the IAB node 1 306 has responded with UL
grant 320}, the triggering conditions of the use of the pre-BSR 334 are met {and note that the
TAB node 1 306 does not necessarily need to wait for the first IAB node PDU B1 transfer 328
to occur prior to sending the pre-BSR 334, as these prior triggering conditions may have
already informed i1t of the need to request an UL graunt from the TAB node 2 308 for the PDU
B1 324). That the sending of the pre-BSR 334 occurs prior to the expiration of a BSR timer at
the IAB node 1 306 corresponding to the BSR 330 may allow the DU of the TAB node 2 308 to
send the UL grant 338 for the PDU Bl 324 to the MT of the IAB node 1 306 faster than in the
regular BSR case. A quicker receipt of the UL grant 338 for the PDU B1 324 at the MT of the
AB node 1 306 may then correspond to a quicker sending of the PDU B1 324 from the MT of
the JAB node 1 306 to the DU of the IAB node 2 308, In this manner, the signaling flow 300 18
improved over the “pure” regular BSR case.
[8636] As illustrated, the signaling flow 300 further continues with the DU of the IAB node 2
308 performing the second TAB node PDU Al transfer 336 to the MT of the IAB node 2 308,
with a corresponding BSR 342, UL grant 344, and sending of the PDU A1l 322 between the MT
of the TAB node 2 308 and the BU of the IAB donor 310, The DU of the IAB node 2 308 also
performs the second PDU B1 transfer 340 to the MT of the IAB node 2 308, Here, the MT of
the TAB node 2 308 could use a pre-BSR to request a UL grant for the PDU B1 324 in the case
that a timer for the BSR 342 has not yet expired {(not illustrated), or it may proceed to use a
{(regular} BSR to request a UL grand for the PDU B1 324 in the case that the timer for the BSR
342 has expired at this stage.
16037 Meanwhile, the UE B 302, the UE A 304, and the IAB node 1 306 may perform the

processes shown earlier in FIG. 3 for the new PDU A2 354 and the new PDU B2 356, as
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tflustrated by the uses of the BSR 346 and the BSR 348, the respective responding UL grant
350 and UL grant 352, and the respective sending of the PDU A2 354 and the PDU B2 356.
16038} FIG. 4 illustrates a format for a medium access control (MAC) control element (MAC
CE) 400 for transmitting a pre-BSR, according to an embodiment. The MAC CE 400 includes
the logical channel group (LCG) bits 402 and the buffer size bits 404, The LCG bits 402 may
be used to represent a LCG corresponding to or for a data flow. A data flow may include one
or more PDUs between a first and a second entity {e.g_, as described in relation to FIG. 3) that
correspond to each other over time {for example, one or more such PDUs that each correspond
to a VolIP application of a UE, etc.) It is contemplated that an TAB node can, in some
embodiments, combine multiple incoming data flows into one or more outgoing data flows, as

will be described in further detail below.

(00639} The LCG to which a data flow is assigned may represent a priority for the treatment of
the data flow. For instance, a data flow that is or includes VolP data may be given a first LCG
corresponding to a certain desired Quality of Service (QoS) level, while a data flow that 15 or
includes short message service {(SMS) data may be given a second LCG corresponding to a best
effort (BE) indication. The fust LCG may be understood to have a higher priority than the

second LCG.

[8040] The buffer size buts 404 may indicate, as part of a pre-BSR message, the amount of
data that the sending IAB node expects to receive {and/or has received) from an IAB node

and/or a UE, in the manner described above.

[88641] The format for the MAC CE 400 for pre-BSR may 1n some embodiments match the
format for a regular BSR.

[8842] One consideration when developing wireless communication systems using IAB 1s that
of fairness. In an IAB topology, some UEs are further from an IAB donor/5GC than other UEs
{see, for example, FIG. 1, where the UE 112 ts more hops away from the [AB donor 102/5GC
104 than the UE 114). Accordingly, mechanisms for ensuring that the UE 112 may receive a
QoS treatment for one or more of its data flows that 1s simiar (in effect) to the QoS treatment 1t
would receive if it were connected to, e.g., a3 gNB of the wireless communication system
{without going through the TAB network 100} may be desirable. Further, mechanisms to
prevent the UJE 114 to be unfairly favored relative to the UE 112 due to its closer proximity (in

hop distance) to the IAB donor 102/5GC 104 are also of interest.
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18843] FIG. S illustrates a signaling flow 500 showing various fairness issues that may arise
when using various pre-BSR implementations across an IAB network, according to an
embodiment. These issue may correspond to variations of pre-BSR implementation according
to varipus different vendors of IAB nodes.

[6844] The signaling flow 500 includes the UE B 502, the UE A 504, the IAB node 1 506, the
IAB node 2 508, the TAB donor 510, and the 5GC 512, Similarly to the signaling flow 300 of
FIG. 3, the signaling flow 500 of FIG. 5 includes the BSR 514 from the UE A 504 to the DU of
the TAB node 1 506 and the BSR 516 from the UE B 502 to the DU of the IAB node 1 506,

The DU of the IAB node 1 5006 responds with the UL grant 518 to the UE A 504 and the UL
grant 520 to the UE B 502. The UE A 504 uses the resources indicated n the UL grant 518 to
send the PDU Al 522 and the UE B 502 uses the resources indicated in the UL grant 520 to
send the PDU Bl 524 The DU of the TAB node 1 506 makes the first IAB node PDU Al
transfer 526 (corresponding to the PDU Al 522) and the first IAB node PDU B1 transter 528
{corresponding to the PDU B1 524) to the TAB node 1 506, Similarly to FIG. 3,, it 1s
contemplated that etther of the UE B 502 and/or the UE A 504 could each respectively
represent a group of UEs, and/or that the the PDU A1 527 and/or the PDU B1 524 could each
respectively represent a group of PDUs.

[0645] The IAB node 1 506 may then select a first forwarding implementation 5330 to perform
relative the forwarding of the PDU Al 522 and the PDU B1 524, A forwarding implementation
may mnvolve the use of a BAR and/or a pre-BSR attendant to the forwarding of the PDUs, in the
manner described above. In a first such case using the first forwarding implementation 530, the
TAB node 1 506 determines not to perform pre-BSR, and instead waits for a window to send a
common BAR for both the PDU A1 522 and the PDU Bl 524, However, in this case, latency
for the PBU Al 522 may be introduces relative to other possible methods.

[8846] In a second such case using the first forwarding implementation 530, the IAB node 1
506 performs a BSR for the PDU AT 522 and a pre-BSR for the PDU B1 524 during the first
forwarding implementation 530. This case may correspond to the case illustrated in FIG. 3. In
this case, it may be that the prionity for the PDU B1 524 may not be maintained. This may be
because the PDU Al 522 arrives prior to the PDU B1 524 and the BSR timer expired.

18847] In a third such case using the f{irst forwarding implementation 530, the IAB node T 506

may not have any mechanism for a reprioritization of data flows with dynamic priority updates
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during the first forwarding implementation 530, This may not aliow the 1AB node 1 506 to

respond to issues such a residual packet delay budgets (PDBs).

{6048} There are also downstream fairness issues as to cases of interactions of varying
forwarding implementations at different IAB nodes {e.g., corresponding to different [IAB node
vendors). In a one such case, the IAB node 1 506 may be provided by a first vendor and may
use the first forwarding implementation 530 that 1s of a first type that may trigger pre-BSR
based on residual latency. The IAB node 2 508 may be provided by a second vendor and may
use a second forwarding implementation 532 that prioritizes {e.g., triggers pre-BSR) based on a
different algorithm that is not focused on responding to residual latency, or that uses regular
BSR. In these cases, QoS performance and goals are IAB-implementation-dependent {and
therefore could be divergent). A UE side application may therefore have uneven treatment

throughout the TAB network represented by the signaling flow 500.

[0849] Accordingly, it may be beneficial to enhance existing implementations so that data
flow prioritizations and latency boundaries can be met in IAB networks. Such modifications
may allow for pre-BSR to be more than merely a BSR bypass mechanism. Further, such
modifications my promote standardization of pre-BSR use between, for example, various
vendors of TAB nodes.

[8050] As before, the UE B 502, the UE A 504, and the TAB node 1 506 may proceed by
perform the processes shown for the new PDU A2 542 and the new PDU B2 544, as illustrated
by the uses of the BSR 534 and the BSR 536, the respective responding UL grant 538 and UL
grant 540, and the respective sending of the PDU A2 542and the PDU B2 544

[0651] A first enhancement to pre-BSR usage may be to allow an TAB node to re-classify the
LCGs of one or more incoming data flows according to such pre-BSR usage. Sucha
modification may enable the use of additional resolution and/or granularity of priorities
corresponding to cutgomg LCGs than what 1s currently provided in a standard. In such
reclassification schemes, 1t 15 contemplated that a first incoming LCG of a first incoming data
flow, an incoming LCG of a second incoming data flow, and the outgoing LCG to which the
first incoming data flow and the second incoming data flow have been assigned may all be
different. In some embodiments, re-classification may be performed based on a configuration
at an [AB node made by a CU of an 1AB donor. In some embodiments, an IAB node may

pntlaterally make such re-classifications.
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[8652] A first method of re-classifying incoming LCGs may use additional cutgoing LCGs
than previously contemplated. For example, a standard may limit the number of LU Gs within
the IAB network to 16. However, the number of data flows that an individual IAB node of an
IAB network may need to handle may be very large. Further, an upper limit of 16 LCGs may
not be sufficient to allow for a fuller set of re-priontizations that may otherwise be achieved.
For example, if only 16 LCGs are available, multiple data flows {(in some cases, corresponding
to individual logical channels (LCHs}) with minor QoS variations may be pooled into LCGs at
only a rough resolution {(e.g., using the 16 available LCGs) as those data flows propagate
through the system. This consolidation may include wider and wider consolidations as various
data flows of the IAB network proceed closer to the IAB donor (due to a need to consolidate
more and more QoS types into the 16 avatlable LCGs). Accordingly, it may be beneficial to

allow for additional LCGs within the TAB network,

[8633] The use of additional LCGs may allow space for the various data flows in the TAB
network to be re-prioritized {e.g., by being re-assigned to an LCG with a higher priority) based
on latency requirements of that data flow. In some cases, this may occur in real time at the
focal TAB node. In other cases, a CU of an TAB donor can re-assign LCGs according to priority
needs based on latency metrics that it gathers regarding the one or more data flows. Collection
of such metrics at the CU may occur via a F1AP interface between one or more [AB nodes that
reports information related to the latency metric to the CU of the IAB donor. This
configuration by the CU may deal with/obviate any interoperability issue that may otherwise
occur as between various TAB nodes, thus retaining a centralized architecture.

[8654] Due to this dynamic mapping of BH RLC flows {data flows), both intra-UE logical
channel ID (LCID) priontization and mter-UE prioritization can be achieved.

[8855] One method for using additional LOGs in the TAB network may be to extend the MAC
CE for pre-BSR to include more LCG bits beyond what 1s allowed per a standard. For
example, a standard may specify that up to 16 bits are available to represent LLGs ina MAC
CE. Accordingly, more than 16 bits may be used. These bits may be provided at the end of 3
current MAC CE structure {such as the MAC CE structure illustrated 1n relation to FIG. 4},
[6856] In some of these cases, a CU of an LAB donor may create a list for this extension of
LCGs and broadcast it to the various IAB nodes. In some cases, the list is pre-configured to
each IAB node of the IAB network. The list for the extension of LCGs may be based on an

addition of new (oS parameters (e.g., beyond those previously used in a standard), thus
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allowing for finer differences between different flows. In some embodiments, each 1AB node
of the IAB network is able to independently and dynamically re-assign incoming data flows to
outgoing LCGs using methods described herein {e.g., without CU intervention). In some cases,
dynamic assignments of IAB nodes may be reported to a CU of an IAB donorona FIAP
interface.

[0837] Various new possibilities are possible when using additional LCGs. For example,
under prior systems, a first conversational voice flow having a 10ms PDB may have formerly
been grouped in the same LLCG as a second conversational voice flow having a Sms PDB. This
may have led to giving the 10ms flow too much priority or the Sms flow not enough priority.
These data flows may now be able to be grouped separately according to individual LCGs

corresponding to the 10ms and the 5ms, respectively due to the availability of additional LCGs.

[0658] As a second example, it may be that two data flows both have a 10ms PDB. However,
the TAB node determines that while it can appropriately serve the first of the two data flows, 1t
cannot appropriately serve the second of the two data flows (such that, without upstream
adjustment, the 10ms PDB can be met). Accordingly, the IAB node may reassign the second of
the two data flows to an outgoing data flow with an LCG that is of a higher priority than an
LCG of the first of the two data flows, such that its data 15 treated with a higher prionity at the
parent IAB node. This may be possible (even though both of the two data flows have the same
PDB) due to the additional availability of LCGs in the IAB network.

[8859] In some embodiments, the CU sends a threshold to a downstream LAB node {or the
TAB node 15 pre~-configured with a threshold). In these cases, the IAB node may mnitially
aggregate data flows with shightly different QoS characteristics into a single outgoing data flow
{with a single LCG) in the case where there are not a threshold amount of data flows having
one particular Qo8 {e.g., a particular PDB) from among the slightly different QoSs (e.g.,
slightly different, but close, PDB, such as Sms and 7ms) being so used. Once there are a
threshold amount of data flows having the one particular O0S {(e.g., Sms), such data flows may
be broken out and assigned their own outgoing data flow (with a corresponding unigue LCG).
This may be possible (even though both of the two data flows have the same PDB} due to the
additional availability of LCGs in the 1AB network.

[8866] A second method of re-classifying incoming LCGs may include the use of sub-LCGs.
In other words, the system may have a set of LOCGs that are used, but may further extend a

MAC CE for pre-BSR to include sub-LCG bits. These bits may be provided at the end of a
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current MAC CE structure (such as the MAC CE structure tllustrated in relation to FIG. 4). In
some cases, this may occur as determined individually at the local 1AB node. In other cases, a
CU of an IAB donor may instead configure the IAB node to use a particular sub-LCG scheme.
18861] Accordingly, incoming data flows having the same LCG but a different sub-LLG may
be treated differently (e g., assigned to different outgoing data flows). For example, an IAB
node may understand a the first sub-LCG to be of a higher priority than the second sub-LCG.
In response, the [AB node may assign the first data flow to an ocutgoing LCG with a sub-LCG
of a first, higher priority, and the TAB node may assign the second data flow to the same
outgoing DCG but with a sub-LTCG of a second, lower priority.

[6662] In some embodiments, the size of the sub-LCG bits may be uniform for all LCGs (e.g.,
4 bits). In other embodiments, the size of the sub-LCG bits may depend on the LCG with
which the sub-LCG bits are being used. For example, a first LCG (perhaps corresponding to a
high QoS requirement) may be configured to use 2 sub-LCG bits, and a second LG {perhaps
corresponding to a best effort (BE) requirement) may be configured to use 8 sub-LCG bits.
This may be because wider variation in priority {corresponding to more sub-LCG bits) is
permissible in the BE case over the high QoS8 case. A correspondence between an individual
LCG and a size of 1ts sub-LCG mmdication may be configured by the CU, or may be one that 1s
broadcasted by the IAB node in question.

[8863] A third method of re-classifying mcoming LCGs may be to use the buffer size uself to
indicate to the parent IAB node the prionity of the outgoing data flow for a particular outgoing
LCG to which the incoming data flows are assigned.

18064} This third method may use additional grants for all LCGs that keep requesting pre-
BSR or BSR beyond a certain threshold; accordingly, the child node may request the parent
TAB node for additional resources. In such instances, the parent IAB node may provide
additional resources through configured grants for a duration, until the fauness, latency, and/or
congestion constraints on the child IAB node are resolved.

[8865] In some embodiments of this third method, the system may extend a MAC CE for pre-
BSR to include further LCG classification information bits in the buffer size area of the MAC
CE inline with the buffer size information.

[8866] In some embodiments of this third method, for each outgoing LCG, the child node may

indicate the number of incoming data flows that have been assigned to the outgoing LCG (e g.,
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the number incoming data flows that have been aggregated}. The child node may additionally
indicate, for each outgoing LCG, how many incoming LG vanants are represented by the
mncoming data flows assigned to the outgoing LCG (e.g., the number of variants of incoming
LCGs of the incoming data flows that have been merged together). This allows the parent IAB
node to use such aggregation and variant information to make decisions to prioritize on how to
prioritize the outgoing data flow (which 1s its incoming data flow) over/under, for example, one
or more other of its other incoming data flows.

[0867] In some embodiments of this third method, this classification (etther as a threshold or
as an inline request) may occur as determined individually at the local IAB node. In other
cases, a CU of an 1AB donor may configure the IAB node to use such further classification bits

in the manner described.

[00668] FIG. 6 illustrates a method 600 of an IAB node of a wireless communication system,
according to an embodiment.

[8869] The method 600 includes assigning 602 one or more incoming data flows received by
an IAB node to an outgoing data flow having an outgoing LCG based on an incoming LCG of
each of the one or more incoming data flows, wherein the outgoing LCG indicates a priority of

the outgoing data flow.

[8678] The method 600 further optionally includes assigning 604 the one or more incoming

data flows to a sub-LCG for the outgomng LCG.

[8671] The method 600 further includes sending 606 a pre-BSR to a second 1AB node of the
wireless communication system using an extended MAC CE that communicates the outgoing
LCG and a requested buffer size corresponding to the outgoing data flow.

[8672] In some embodiments of the method 600 that include the assigning 604, the extended
MAC CE further comprises an indication of the sub-LCG. In some of these embodiments, a
size of the indication of the sub-LCG 1n the extended MAC CE corresponds to the outgoing
LCG. In some of these embodiments, the sub-LCG is one of a number of sub-LCGs configured
for use with the cutgoing LCG by an integrated access and backhaul (TAB} control unit (CUY.
[8673] In some embodiments of the method 600, the assignment of the one or more imcoming
data flows to the cutgoing data flow 1s based on a configuration provided to the IAB node by an

IAB CU.
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[8874] In some embodiments of the method 600, an incoming LCG of a first of the one or
more incoming data flows, an incoming LCG of a second of the one or more incoming data
flows, and the outgoing LLG are all different.

[8675] In some embodiments of the method 600, a size of the outgoing LLG 1s extended
beyond the range of current MAC CE. For example, in some embodiments of the method 600,
the outgoing LCG is represented in the extended MAC CE using more than 16 bits.

[8876] In some embodiments of the method 600, the outgoing LCG of the one or more
incoming data flows is determined based on a comparison of a number of the one or more
incoming data flows with a threshold received from an [AB CU.

10877] In some embodiments of the method 600, the extended MAC CE further indicates a

number of the one or more incoming data flows.

[6678] In some embodiments of the method 600, the extended MAC CE further indicates a

number of unique LCGs among the one or more incoming data flows.

10679 Embodiments contemplated herein include an apparatus comprising means to perform
one or more elements of the method 600. This apparatus may be, for example, an apparatus of
a UE 900 as described below.

[0080] Embodiments contemplated herein include one or more non-transitory computer-
readable media comprising instructions to cause an electronic device, upon execution of the
instructions by one or more processors of the electronic device, to perform one or more
elements of the method 600, This non-transitory computer-readable media may be, for
example, the memory 906 of the UE 900 described below, and/or the peripheral devices 1304,
the memory/storage devices 1314, and/or the databases 1320 of the components 1300as
described below,

(60811 Embodiments contemplated herein include an apparatus comprising logic, modules, or
circuitry to perform one or more elements of the method 600. This apparatus may be, for
example, an apparatus of a UE 900 as described below,

(606821 Embodiments contemplated herein include an apparatus comprising: one or more
processors and one or more computer-readable media comprising nstructions that, when
executed by the one or more processors, cause the one or more processors to perform one or
more elements of the method 600. This apparatus may be, for example, an apparatus of a UE

900 as described below.

fnt
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[0683] Embodiments contemplated herein include a signal as described in or related to ong or

more elements of the method 600.

16084} Embodiments contemplated herein include a datagram, packet, frame, segment,
protocol data unit (PDU), or message as described in or related to one or more elements of the

method 600.

(6085} Embodiments contemplated herein include a signal encoded with data as described in

or related to one or more elements of the method 600.

[0086] Embodiments contemplated herein include a signal encoded with a datagram, packet,
frame, segment, PDU, or message as described in or related to one or more elements of the

method 600

[00687] Embodiments contemplated herein include an electromagnetic signal carrying
computer-readable instructions, wherein execution of the computer-readable instructions by
one or more processors is to cause the one or more processors to perform one or more elements

of the method 600.

(00688} Embodiments contemplated herein include a computer program comprising
instructions, wherein execution of the program by a processing element 1s to cause the
processing element to carry out one or more elements of the method 600, These instructions

may be, for example, the instructions 1312 of the components 1300 as described below.

[8089] A second enhancement to pre-BSR use may be to introduce a new priority index for
LCGs in the pre-BSR MAC CE. In other words, the MAC CE could be extended to
additionally include the priority index corresponding to an outgoing data flow. The priority
index used at an [AB node may be hased on a residual PDB information for the outgoing data
flow provided by a CU of an TAB donor to the TAB node. The various one or more fields of the
priority index used for an outgoing LOG at an [AB node may be updated by the IAB node or
the CU in real time based on current traffic conditions at the IAB node.

[8698] The priority index may winclude a priority field corresponding to priority of an outgoing
LCG at the TAB node. An IAB node may determine to increase or decrease the priority of the
outgoing LLG in question.  An indication of the new prionity of the outgoing LCG 1s then
informed (ultimately) to the CU of the IAB donor using an extended MAC CE having a priority

index.

16



WO 2022/151129 PCT/CN2021/071679

[8691] The priority index may include a prioritized bit rate (PBR) corresponding to the PBR
of an outgoing LCG at the IAB node. An IAB node may determine to increase or decrease the
PBR of the outgoing LCG in question.  An indication of the new PBR of the cutgoing LCG s
then informed (ultimately) to the CU of the IAB donor using an extended MAC CE having a
priority index.

100692  The priority index may include a bucket size duration (BSD) corresponding to a BSD
of the outgoing LCG at the IAB node. An IAB node may determine to increase or decrease the
BSD of the outgoing LCG in question.  An indication of the new BSD of the outgoing LCG 1s
then informed (ultimately) to the CU of the IAB donor using an extended MAC CE having a
priority index. This indication can be made across UEs in both 1:1 and N:1 BH RLC
configurations.

[6693] In some embodiments, an IAB node may extend the MAC CE for each outgoing data
flow (each outgoing LCG) to include the priority index. This may allow for a parent IAB node
to use an averaging algorithm of its own based on the overall system performance a propagate
this back to the CU. In some instances, if a condition of a modified priority at the TAB node
persists, the CU (using either an RRC reconfiguration message, a BAP message, ora FIAP
message) can modify the priority fields of the priority indexes of the IAB nodes in the affected
data path where the information s needed.

[60694] FIG. 7 illustrates a method 700 of an IAB node of a wireless communication system,
according to an emnbodiment.

[8095] The method 700 includes assigning 702 one or more incoming data flows received by
an IAB node to an outgoing data flow having an outgoing LCG and an outgoing priority index
based on an mcoming LLG of each of the one or more incomung data flows, wherein the
outgoing LCG and the outgotng priority index together indicate a priority of the outgoing data
flow.

[8696] The method 700 further includes sending 704 a pre~-BSR to a second 1AB node of the
wireless communication system using an extended MAC CE that communicates the outgoing
LCG, the outgoing priority index, and a requested buffer size corresponding to the outgoing

data flow.
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[8697] In some embodiments of the method 700, the assignment of the one or more incoming
data flows to the outgoing data flow is further based on an incoming priority index of each of
the one or more incoming data flows.

18098} In some embodiments of the method 700, the outgoing priority index for the outgoing

LCG 1s determined based on a PDB parameter received from an FAB CU.

16099} In some embodiments of the method 700, the outgoing priority index comprises one or
more of a priority field, a PBR field, and a BSD ficld.

101860} In some embodiments of the method 700, the outgoing priority index is chosen by the
TAB node according to a configuration received from an integrated access and backhaul (IAB)

control unit (CUY.

[01031] Embodiments contemplated herein include an apparatus comprising means to perform
one or more elements of the method 700. This apparatus may be, for example, an apparatus of

a UE 200 as described below.

[0102] Embodiments contemplated herein include one or more non-transitory computer-
readable media comprising instructions to cause an electronic device, upon execution of the
mstructions by one or more processors of the electronic device, to perform one or more
elements of the method 700. This non-transitory computer-readable media may be, for
example, the memory 906 of the UE 900 described below, and/or the peripheral devices 1304,
the memory/storage devices 1314, and/or the databases 1320 of the components 1300as

described below,

[86193] Embodiments contemplated herein include an apparatus comprising logic, modules, or
cireuitry to perform one or more elements of the method 700, This apparatus may be, for
example, an apparatus of a UE 900 as described below.

(86184} Embodiments contemplated herein include an apparatus comprising: one or more
processors and one or more computer-readable media comprising nstructions that, when
executed by the one or more processors, cause the one or more processors to perform one or
more elements of the method 700. This apparatus may be, for example, an apparatus of a UE
900 as described below.

[8105] Embodiments contemplated herein mclude a signal as described in or related to one or

more elements of the method 700.
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[8106] Embodiments contemplated herein include a datagram, packet, frame, segment,
protocol data unit (PDU), or message as described in or related to one or more elements of the

method 700.

18187} Embodiments contemplated herein include a signal encoded with data as described in

or related to one or more elements of the method 700.

(61868} Embodiments contemplated herein include a signal encoded with a datagram, packet,
frame, segment, PDU, or message as described in or related to one or more elements of the
method 700.

(0189} Embodiments contemplated herein include an electromagnetic signal carrying
computer-readable instructions, wherein execution of the computer-readable instructions by
one of MOre Processors is to cause the one or more processors to perform one or more elements

of the method 700,

[0116] Embodiments contemplated herein include a computer program comprising
instructions, wherein execution of the program by a processing element is to cause the
processing element to carry out one or more elements of the method 700. These instructions
may be, for example, the mstructions 1312 of the components 1300 as described below.

(8111} Combinations of the re-classifications described in relation to FIG. ¢ and the use of a
priority index as described in FIG. 7 are contemplated.

[86112] A third enhancement to pre-BSR may be through providing additional grants. For
example, in these cases, an IAB node may determine that a traffic condition 1s above a
threshold for a BH RLC channel or routing ID corresponding to an incoming data flow (with an
associated LLCG). The threshold may be, for example, a maximum number of data flows
received at the child TAB node that 1s included by the child 1AB node in the child TAB node's
putgoing data flow that 1s the TAB node's incoming data flow. This may correspond to an
unforeseen negative condition, such as excessive latency or excessive load. The TAB node may
then provide additional grants to the child node to resolve the unforeseen condition. It 13
contemplated that the additional grants may be provided by the IAB node to the child IAB node
according to a configuration of the IAB node made by a CU of an IAB donor. These additional
grants may effectively bump up the priority of the incoming data flow {or a group of incoming

data flows} from the child IAB node to the IAB node.
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[8113] It is contemplated that in these cases, a child IAB node may provide information
regarding an aggregate number of BH RLC flows that are part of the outgoing LCG of the child
IAB node to the IAB node. This may represent an overall latency criteria.

[8114] The use of the additional granting mechanism may aliow the child IAB node to use a
pre-BSR implementation without invoking (at least as often) the issues with pre-BSR
mechanisms as described in, for example or FIG. § (because of a reduced frequency pre-BSR

use more generally as a result of the additional grants).

[6115] FIG. 8 iliustrates a method 800 of an IAB node of a wireless communication system,

according to an embodiment.

[0116] The method 800 comprises determining 802 that a condition corresponding to an
incoming data flow of an incoming LCG received from a child 1AB node 15 above a threshold.
[6117] The method 800 further comprises providing 804, to the child TAB node, additional UL
grants for the incoming LCG based on the determination that the condition is above the

threshold.

[6118] In some embodiments of the method 800, the threshold is configured at the IAB node

by an integrated access and backhaul (IAB) control unit (CU}.

[0119] In some embodiments of the method 800, the condition 1s a number of data flows
received at the child TAB vode that 1s included in the incoming data flow, and the threshold is a
maximum number of data flows received at the child TAB node that 1s included in the incoming

data flow.

[8128] In some embodiments of the method 800, the child TAB node communicates a status of

the condition to the IAB node.

[81231] FEmbodiments contemplated herein include an apparatus comprising means to perform
one or more elements of the method 800, Thus apparatus may be, for example, an apparatus of
a UE 900 as described below.

[8122] Embodiments contemplated herein mclude one or more non-transitory computer-
readable media comprising instructions to cause an electronic device, upon execution of the
mnstructions by one or more processors of the electronic device, to perform one or more
elements of the method 800, This non-transitory computer-readable media may be, for

example, the memory 906 of the UE 900 described below, and/or the peripheral devices 1304,
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the memory/storage devices 1314, and/or the databases 1320 of the components 1300as
described below.

16123} Embodiments contemplated herein include an apparatus comprising logic, modules, or
circuitry to perform one or more elements of the method 800. This apparatus may be, for

example, an apparatus of a UE 900 as described below,

16124} Embodiments contemplated herein include an apparatus comprising: one or more
processors and one or more computer-readable media comprising instructions that, when
executed by the one or more processors, cause the one or more processors to perform one or
more elements of the method 800, This apparatus may be, for example, an apparatus of a UE

900 as described below.

[6125] Embodiments contemplated herein include a signal as described in or related to one or
more elements of the method 800

[0126] Embodiments contemplated herein include a datagram, packet, frame, segment,
protocol data unit (PDU), or message as described in or related to one or more elements of the

method 800,

[8127] FEmbodiments contemplated herein include a signal encoded with data as described in
or related to one or more elements of the method 800,

[0128] Embodiments contemplated herein include a signal encoded with a datagram, packet,
frame, segment, PDU, or message as described in or related to one or more elements of the
method 800,

(8129} Embodiments contemplated herein include an electromagnetic signal carrying
computer-readable instructions, wherein execution of the computer-readable instructions by
one Of NOTe Processors is to cause the one or more processors to perform one or more elements
of the method 800

[8136] FEmbodiments contemplated herein include a computer program comprising
instructions, wherein execution of the program by a processing element ts to cause the
processing element to carry out one or more elements of the method 800, These 1nstructions
may be, for example, the instructions 1312 of the components 1300 as described below.

[8131] Combinations of the re-classifications described in relation to FIG. 6, the use of a
priority index as described in FIG. 7, and/or the use of additional grants as described 1n relation

to FIG. 8 are contemplated.
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18132} It is contemplated that any of the methods represented in, for example, FIG. 6 through

FIG. 8 may be used as part of an enhanced IAB (elAB) network.

[6133] FIG. 915 a block diagram of an example UE 900 configurable according to various

embodiments of the present disclosure, including by execution of instructions on a computer-
readable medium that correspond to any of the example methods and/or procedures described
herein. The UE 900 comprises one or more processor 902, transcetver 904, memory 906, user

interface 908, and control interface 910.

[6134] The one or more processor 902 may include, for example, an application processor, an
audio digital signal processor, a central processing unit, and/or one or more baseband
processors. Fach of the one or more processor 902 may include internal memory and/or may
include interface(s} to communication with external memory (including the memory 906). The
internal or external memory can store software code, programs, and/or instructions for
execution by the one or more processor 902 to configure and/or facilitate the UE 900 to
perform various operations, including operations described herein. For example, execution of
the wnstructions can configure the UE 900 to communicate using one or more wired or wireless
communication protocols, including one or more wireless communication protocols
standardized by 3GPP such as those commonly known as SG/NR, LTE, LTE-A, UMTS, HSPA,
GSM, GPRS, EDGE, etc., or any other current or future protocols that can be utilized in
conjunction with the one or more transceiwver 904, user interface 908, and/or control interface
910. As another example, the one or more processor 902 may execute program code stored o
the memory 906 or other memory that corresponds to MAC, RLC, PDCP, and RRC layer
protocols standardized by 3GPP (e.g., for NR and/or LTE). As a further example, the processor
902 may execute program code stored o the memory 206 or other memory that, together with
the one or more transceiver 904, implements corresponding PHY layer protocols, such as
Orthogonal Frequency Division Multiplexing (OFDM), Orthogonal Frequency Diviston
Multiple Access (OFDMA), and Single-Carrnier Frequency Division Multiple Access (SC-
FDMA).

[6135] The memory 906 may comprise memory area for the one or more processor 902 to
store variables used in protocols, configuration, control, and other functions of the UE 900,
including operations corresponding to, or comprising, any of the example methods and/or
procedures described herein. Moreover, the memory 906 may comprise non-volatile memory

{e.g., flash memory}, volatile memory (e.g., static or dynamic RAM), or a combination thereof.

22



WO 2022/151129 PCT/CN2021/071679

Furthermore, the memory 906 may interface with a memory slot by which removable memory
cards in one or more formats {e.g., SD Card, Memory Stick, Compact Flash, etc.} can be
mnserted and removed.

[8136] The one or more transceiver 904 may include radio-frequency transmitter and/or
receiver circuitry that facilitates the UE 900 to communicate with other equipment supporting
like wireless communication standards and/or protocols. For example, the one or more
transceiver 904 may include switches, mixer circuitry, amplifier circuitry, filter circuttry, and
synthesizer circuitry. Such RF circuitry may include a receive signal path with circuitry to
down-convert RF signals received from a front-end module (FEM) and provide baseband
signals to a baseband processor of the one or more processor 902, The RF circuitry may also
include a transmit signal path which may include circuitry to up-convert baseband signals
provided by a baseband processor and provide RF output signals to the FEM for transmission.
The FEM may include a receive signal path that may include circuitry configured to operate on
RF signals received from one or more antennas, amplify the received signals and provide the
amplified versions of the received signals to the RF circuttry for further processing. The FEM
may also include a transmit signal path that may include circuitry configured to amplify signals
for transmission provided by the RF circuitry for transmission by one or more antennas. In
various embodiments, the amplification through the transmit or receive signal paths may be
done solely in the RF circuitry, solely in the FEM, or in both the RF circuitry and the FEM
circuitry. In some embodiments, the FEM circuitry may include a TX/RX switch to switch
between transmit mode and receive mode operation.

[8137] Insome exemplary embodiments, the one or more transceiver 904 mncludes a
transmitter and a receiver that enable device 1200 to communicate with various SG/NR
networks according to various protocols and/or methods proposed for standardization by 3 GPP
and/or other standards bodies. For example, such functionality can operate cooperatively with
the one or more processor 902 to implement a PHY layer based on OFDM, OFDMA, and/or
SC-FDMA technologies, such as described herein with respect to other figures.

[6138] The user interface 908 may take various forms depending on particular embodiments,
or can be absent from the UE 900. In some embodiments, the user inierface 908 includes a
microphone, a loudspeaker, slidable buttons, depressible buttons, a display, a touchscreen
display, a mechanical or virtual keypad, a mechanical or virtual keyboard, and/or any other

user-interface features commonly found on mobile phones. In other embodiments, the UE 900
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may comprise a tablet computing device including a larger touchscreen display. In such
embodiments, one or more of the mechanical features of the user interface 908 may be replaced
by comparable or functionally equivalent virtual user interface features (e.g., virtual keypad,
virtual buttons, etc.} implemented using the touchscreen display, as familiar to persons of
ordinary skill in the art. In other embodiments, the UE 900 may be a digital computing device,
such as a laptop computer, desktop computer, workstation, etc. that comprises a mechanical
keyboard that can be integrated, detached, or detachable depending on the particular exemplary
embodiment. Such a digital computing device can also comprise a touch screen display. Many
example embodiments of the UE 900 having a touch screen display are capable of receiving
user inputs, such as inputs related to exemplary methods and/or procedures described herein or

otherwise known to persons of ordinary skill in the art.

[8139] In some exemplary embodiments of the present disclosure, the UE 900 may include an
orientation sensor, which can be used in various ways by features and functions of the UE 900.
For example, the UE 900 can use outputs of the ortentation sensor to determine when a user has
changed the physical orientation of the UE 900's touch screen display. An indication signal
from the orientation sensor can be avatlable to any application program executing on the UE
900, such that an application program can change the orientation of a screen display ( e g., from
portrait to landscape) automatically when the indication signal indicates an approximate 90-
degree change in physical orientation of the device In this manner, the application program can
maintain the screen display in a manner that 1s readable by the user, regardiess of the physical
orientation of the device. In addition, the output of the orientation sensor can be used in
conjunction with various exemplary embodiments of the present disclosure.

[0148] The control mterface 910 may take various forms depending on particular
embodiments. For example, the control interface 910 may include an R8-232 interface, an RS-
485 interface, a USB interface, an HDMI interface, a Bluetooth interface, an TEEE (“Firewire”)
interface, an I2C interface, a PCMUCIA interface, or the like. In some exemplary embodiments
of the present disclosure, control interface 1260 can comprise an IEEE 802 .3 Ethernet interface
such as described above. In some embodiments of the present disclosure, the control interface
910may include analog mterface circuitry including, for example, one or more digital -to-analog
(D/A) and/or analog-to-digital (A/D} converters.

18141} Persons of ordinary skill in the art can recognize the above list of features, interfaces,

and radio-frequency communication standards 1s merely exemplary, and not limiting to the
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scope of the present disclosure. In other words, the UE 900 may include more functionality

than 1s shown in FIG. 9 including, for example, a video and/or still-image camera, microphone,

g,
media player and/or recorder, ¢tc. Moreover, the one or more transceiver 904 may include
circuitry for communication using additional radio-frequency communication standards
mcluding Bluetooth, GPS, and/or others. Moreover, the one or more processor 902 may execute
software code stored in the memory 906 to control such additional functionality. For example,
directional velocity and/or position estimates output from a GPS receiver can be available to
any application program executing on the UE 900, including various exemplary methods and/or
computer-readable media according to various exemplary embodiments of the present
disclosure.

[6142] FIG. 10 1s a block diagram of an example network node 1000 configurable according
to various embodiments of the present disclosure, including by execution of instructions on a
computer-readable medium that correspond to any of the example methods and/or procedures

described herein.

[8143] The network node 1000 includes a one or more processor 1002, a radio network
interface 1004, a memory 1006, a core network interface 1008, and other interfaces 1010. The
network node 1000 may comprise, for example, a base station, eNB, gNB, access node, or
component thereof.

[8144] The one or more processor 1002 may include any type of processor or processing
circuitry and may be configured to perform an of the methods or procedures disclosed herein.
The memory 1006 may store software code, programs, and/or instructions executed by the one
or more processor 1002 to configure the network node 1000 to perform various operations,
including operations described herein. For example, execution of such stored instructions can
configure the network node 1000 to communicate with one or more other devices using
protocols according to various embodiments of the present disclosure, mncluding one or more
methods and/or procedures discussed above. Furthermore, execution of such stored instructions
can also configure and/or facilitate the network node 1000 to communicate with one or more
other devices using other protocols or protocol layers, such as one or more of the PHY, MAC,
RLC, PDCP, and RRC layer protocols standardized by 3GPP for LTE, LTE-A, and/or NR, or
any other higher-layer protocols utilized in conjunction with the radio network interface 1004
and the core network interface 1008, By way of example and without limitation, the core

network interface 1008 comprise an 81 interface and the radio network interface 1004 may

2
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comprise a Uu interface, as standardized by 3GPP. The memory 1006 may also store variables
used in protocols, configuration, control, and other functions of the network node 1000, As
such, the memory 1006 may comprise non-volatile memory {(¢.g., flash memory, hard disk,
etc ), volatile memory {e.g., static or dynamic RAM), network-based {e.g., “cloud”) storage, or
a combination thereof

[8145] The radio network interface 1004may include transmitters, receivers, signal
processors, ASICs, antennas, beamforming units, and other circuitry that enables network node
1000 to communicate with other equipment such as, in some embodiments, a plurality of
compatible user equipment {(UE). In some embodiments, the network node 1000 may include
various protocols or protocol layers, such as the PHY, MAC, RLC, PDCP, and RRC layer
protocols standardized by 3GPP for LTE, LTE-A, and/or 5G/NR. According to further
embodiments of the present disclosure, the radio network interface 1004 may include a PHY
laver based on OFDM, OFDMA, and/or SC-FDMA technologies. In some embodiments, the
functionality of such a PHY layer can be provided cooperatively by the radio network interface
1004 and the one or more processor 1002,

[8146] The core network interface 1008 may include transmitters, recetvers, and other
circuitry that enables the network node 1000 to commmunicate with other equipment in a core
network such as, in some embodiments, circuit~-switched (CS) and/or packet-switched Core
(PS) networks. In some embodiments, the core network interface 1008 may include the 81
interface standardized by 3GPP. In some embodiments, the core network interface 1008 may
mclude one or more interfaces to one or more SGWs, MMEs, SGSNs, GGSNs, and other
physical devices that comprise functionality found in GERAN, UTRAN, E-UTRAN, and
CDMA2000 core networks that are known to persons of ordinary skill i the art. In some
embodiments, these one or more interfaces may be multiplexed together on a single physical
interface. In some embodiments, lower layers of the core network interface 1008 may include
one or more of asynchronous transfer mode {ATM), Internet Protocol {(IP}-over-Ethernet, SDH
over optical fiber, TI/E1/PDH over a copper wire, microwave radio, or other wired or wireless
transmission technologies known to those of ordinary skill in the art.

18147} The other interfaces 1010 may include transmitters, receivers, and other circuitry that
enables the network node 1000 to communicate with external networks, computers, databases,
and the like for purposes of operations, administration, and maintenance of the network node

1000 or other network equipment operably connected thereto.
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10148] Example System Architecture

[8149] In certain embodiments, SG System architecture supports data connectivity and
services enabling deployments to use techniques such as Network Function Virtualization and
Software Defined Networking. The 535G System architecture may leverage service-based
interactions between Control Plane Network Functions. Separating User Plane functions from
the Control Plane functions allows independent scalability, evolution, and flexible deployments
{e.g., centralized location or distributed (remote) location). Modularized function design allows
for function re-use and may enable flexible and efficient network shicing. A Network Function
and its Network Function Services may interact with another NF and its Network Function
Services directly or indirectly via a Service Communication Proxy. Another intermediate
function may help route Control Plane messages. The architecture minimizes dependencies
between the AN and the CN. The architecture may include a converged core network with a
common AN - CN interface that integrates different Access Types (e.g., 3GPP access and non-
3GPP access). The architecture may also support a unified authentication framework, stateless
NFs where the compute resource 18 decoupled from the storage resource, capability exposure,
concurrent access to local and centralized services (to support low latency services and access
to local data networks, User Plane functions can be deployed close to the AN), and/or roaming
with both Home routed traffic as well as Local breakout traffic in the visited PLMN.

[8156] The 5G architecture may be defined as service-based and the interaction between
network functions may include a service-based representation, where network functions {e.g.,
AMF) within the Control Plane enable other authorized network functions to access thesr
services. The service-based representation may also include point-to-point reference points. A
reference point representation may also be used to show the interactions between the NF
services in the network functions described by point-to-point reference point {e.g., N11)
between any two network functions {e.g., AMF and SMF).

[615%] FIG. 11 idlustrates a service based architecture 1100 in 5GS according to one
embodiment. As described i 3GPP TS 23.501, the service based architecture 1100 comprises
NFs such as an NSSF 1108, a NEF 1110, an NRF 1114 a PCF 1112, a UDM 1126, an AUSF
1118, an AMF 1120, an SMF 1122, for communication witha UE 1116, a (R}AN 1106, a UPF
1102, and a DN 1104, The NFs and NF services can communicate directly, referred to as Direct
Communication, or indirectly via a SCP 1124, referred to as Indirect Communication. FIG. 11

also shows corresponding service-based interfaces including Nutm, Naf, Nudm, Npcf, Nsmf,
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Nnrf, Namf, Nnef, Nnssf, and Naus{, as well as reference points N1, N2, N3, N4, and N6. A
few example functions provided by the NFs shown in FIG. 11 are described below.

[6152] The NSSF 1108 supports functionality such as: selecting the set of Network Slice
mstances serving the UE; determining the Allowed NSSAT and, if needed, mapping to the
Subscribed S-NSSAls; determining the Configured NSSAT and, if needed, the mapping to the
Subscribed S-NSSATls; and/or determining the AMF Set to be used to serve the UE, or, based
on configuration, a list of candidate AMF(s), possibly by querying the NRF.

[6153] The NEF 1110 supports exposure of capabilities and events. NF capabilities and events
may be securely exposed by the NEF 1110 (e.g., for 3rd party, Application Functions, and/or
Edge Computing). The NEF 1110 may store/retrieve information as structured data using a
standardized interface (Nudr) to a UDR. The NEF 1110 may also secure provision of
information from an external application to 3GPP network and may provide for the Application
Functions to securely provide information to the 3GPP network (e g., expected UE behavior,
SGLAN group information, and service specific information), wherein the NEF 1110 may
authenticate and authorize and assist in throttling the Application Functions. The NEF 1110
may provide translation of internal-external information by translating between information
exchanged with the AF 1128 and information exchanged with the internal network function.
For example, the NEF 1110 translates between an AF-Service-Identifier and internal 5G Core
information such as DNN and 5-NSSAL The NEF 1110 may handle masking of network and
user sensitive information to external AF's according to the network policy. The NEF 1110 may
receive information from other network functions (based on exposed capabilities of other
network functions), and stores the received information as stractured data using a standardized
interface to a UDR. The stored mformation can be accessed and re-exposed by the NEF 1110 to
other network functions and Apphication Functions, and used for other purposes such as
analytics. For external exposure of services related to specific UE(s), the NEF 1110 may reside
in the HPLMN. Depending on operator agreements, the NEF 1110 in the HPEMN may have
interface(s) with NF(s) in the VPLMN. When a UE 1s capable of switching between EPC and
SGC, an SCEF+NEF may be used for service exposure.

[8154] The NRF 1114 supports service discovery function by receiving an NF Discovery
Request from an NF instance or SCP and providing the information of the discovered NF
mstances to the NF instance or SCP. The NRF 1114 may also support P-CSCF discovery

{specialized case of AF discovery by SMF), maintains the NF profile of available NF instances
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and their supported services, and/or notify about newly registered/updated/ deregistered NF
instances along with its NF services to the subscribed NF service consumer or SCP. In the
context of Network Slicing, based on network implementation, multiple NRFs can be deployed
at different levels such as a PLMN level (the NRF 1s configured with information for the whole
PLMN}, a shared-slice level {the NRF is configured with information belonging to a set of
Network Slices), and/or a slice-specific level (the NRY is configured with information
belonging to an S-NSSAI). In the context of roaming, multiple NRFs may be deploved in the
different networks, wherein the NRF(s} in the Visited PLMN {(known as the vNRF} are
configured with information for the visited PLMN, and wherein the NRF(s) in the Home
PLMN (known as the hNRF) are configured with information for the home PLMN, referenced
by the vNRF via an N27 interface.

[8155] The PCF 1112 supports a unified policy framework to govern network behavior. The
PCF 1112 provides policy rules to Control Plane function(s) to enforce them. The PCF 1112
accesses subscription information relevant for policy decisions in a Unified Data Repository
(UDR)}. The PCF 1112 may access the UDR located in the same PLMN as the PCF.

[0156] The UDM 1126 supports generation of 3GPP AKA Authentication Credentials, User
Identification Handling (e.g., storage and management of SUPI for each subscriber in the 5G
system), de-concealment of a privacy-protected subscription wdentifier (SUCT), access
authorization based on subscription data (e g., roaming restrictions), UE's Serving NF
Registration Management {e.g., storing serving AMF for UE, storing serving SMF for UE's
PDU Session), service/session continuity (e.g., by keeping SMF/DNN assignment of ongoing
sessions., MT-SMS delivery, Lawful Intercept Functionality {especially in outbound roaming
cases where a UDM 1s the only point of contact for LI}, subscription management, SMS
management, SGLAN group management handling, and/or external parameter provisioning
{Expected UE Behavior parameters or Network Configuration parameters). To provide such
functionality, the UDM 1126 uses subscription data (including authentication data) that may be
stored in a UDR, in which case a UDM implements the application logic and may not require
an internal user data storage and several different UDMs may serve the same user in different
transactions. The UDM 1126 may be located in the HPLMN of the subscribers it serves, and

may access the information of the UDR located in the same PLMN.
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[8157] The AUSF 1118 supports authentication for 3GPP access and untrusted non-3GPP
access. The AUSF 1118 may also provide support for Network Slice-Specific Authentication
and Authorization.

[0158] The AMEF 1120 supports termination of RAN CP interface (N2}, termination of NAS
{N1} for NAS ciphering and integrity protection, registration management, connection
management, reachability management, Mobility Management, lawful intercept (for AMF
events and interface to L1 System), transport for SM messages between UE and SMF,
transparent proxy for routing SM messages, Access Authentication, Access Authorization,
transport for SMS messages between UE and SMSF, SEAF, Location Services management for
regulatory services, transport for Location Services messages between UE and LMF as well as
between RAN and LMF, EPS Bearer 1D allocation for interworking with EPS, UE mobility
event notification, Control Plane CloT 5GS Optinmuzation, User Plane CloT SGS Optimization,
provisioning of external parameters (Expected UE Behavior parameters or Network
Configuration parameters), and/or Network Slice-Specific Authentication and Authorization.
Some or all of the AMF functionalities may be supported in a single instance of the AMF 1120,
Regardless of the number of Network functions, in certain embodiments there is only one NAS
interface instance per access network between the UE and the CN, termunated at one of the
Network functions that implements at least NAS security and Mobility Management. The AMF
1120 may also mclude policy related functionalities.

[81589] In addition to the functionalities described above, the AMF 1120 may include the
following functionality to support non-3GPP access networks: support of N2 interface with
NIIWEF/TNGF, over which some information (e.g., 3GPP Cell Identification) and procedures
{e.g., Handover related) defined over 3GPP access may not apply, and non-3GPP access
specific mmformation may be applied that do not apply to 3GPP accesses; support of NAS
signaling with a UE over N3ITWF/TNGF, wherein some procedures supported by NAS signaling
over 3GPP access may be not applicable to untrusted non-3GPP (e.g., Paging} access; support
of authentication of UEs connected over N3ITWEF/TNGF; management of mobility,
authentication, and separate security context state(s) of a UE connected via a non-3GPP access
or connected via a 3GPP access and a non-3GPP access simultaneously; support a co-ordinated
RM management context valid over a 3GPP access and a Non 3GPP access; and/or support
dedicated UM management contexts for the UE for connectivity over non-3GPP access. Not all

of the above functionalities may be required to be supported in an instance of a Network Slice.
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[8166] The SMF 1122 supports Session Management {e.g., Session Establishment, modify and
release, including tunnel maintain between UPF and AN node}, UE IP address allocation &
management {including optional Authorization) whergin the UE 1P address may be recetved
from a UPF or from an external data network, DHCPv4 {server and client} and DHCPVG (server
and client) functions, functionality to respond to Address Rescolution Protocol requests and/or
IPv6 Neighbor Solicitation requests based on local cache information for the Ethernet PDUs
(e.g., the SMF responds to the ARP and/or the IPv6 Neighbor Solicitation Request by providing
the MAC address corresponding to the IP address sent in the request), selection and control of
User Plane functions including controlling the UPF to proxy ARP or IPv6 Neighbor Discovery
or to forward all ARP/IPv6 Neighbor Solicitation traffic to the SMF for Ethernet PDU
Sessions, traffic steering configuration at the UPF to route traffic to proper destinations, 3G VN
group management {e.g., maintain the topology of the mvolved PSA UPFs, establish and
release the N19 tunnels between PSA UPFs, configure traffic forwarding at UPF to apply local
switching, and/or No-based forwarding or N19-based forwarding), termination of interfaces
towards Policy control functions, lawful intercept (for SM events and interface to LI System),
charging data collection and support of charging interfaces, control and coordination of
charging data collection at the UPF, termination of SM parts of NAS messages, Downlink Data
Notification, Initiator of AN specific SM information sent via AMF over N2 to AN,
determination of S8C mode of a session, Control Plane CloT 5G8 Optimization, header
compression, acting as I-SMF 1n deployments where I-SMF can be mserted/removed/relocated,
provisioning of external parameters {Expected UE Behavior parameters or Network
Configuration parameters}), P-CSCF discovery for IMS services, roaming functionality {e.g.,
handle local enforcement to apply QoS SLAs (VPLMN), charging data collection and charging
interface (VPLMN), and/or lawful intercept (in VPLMN for SM events and interface to L1
System}, interaction with external DN for transport of signaling for PDU Session
authentication/authorization by external DN, and/or instructing UPF and NG-RAN to perform
redundant transmission on N3/N9 interfaces. Some or all of the SMF functionalities may be
supported in a single instance of a2 SMF. However, in certain embodiments, not all of the
functionalities are required to be supported in an instance of a Network Shice. In addition to the
functionalities , the SMF 1122 may include policy related functionalities.

18163} The SCP 1124 includes one or more of the following functionalities: Indirect

Communication; Delegated Discovery, message forwarding and routing to destination NF/NF
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services, communication security {(e.g., authorization of the NF Service Consumer to access the
NF Service Producer's API}, load balancing, monitoring, overload control, etc.; and/or
optionally imteract with the UDR, to resolve the UDM Group ID/UDR Group ID/AUSF Group
ID/PCF Group ID/CHF Group IDVHSS Group 1D based on UE identity {(e.g., SUPL or
IMPHIMPU). Some or all of the SCP functionalities may be supported in a single instance of
an SCP.In certain embodiments, the SCP 1124 may be deploved in a distributed manner and/or
more than one SCP can be present in the communication path between NF Services. SCPs can
be deployed at PLMN level, shared-slice level, and slice-specific level. It may be left to
operator deployment to ensure that SCPs can communicate with relevant NRFs.

[0162] The UE 1116 may include a device with radio communication capabilities. For
example, the UE 1116 may comprise a smartphone {e.g., handheld touchscreen mobile
computing devices connectable to one or more cellular networks). The UE 1116 may also
comprise any mobile or non-mobile computing device, such as Personal Data Assistants
{(PDAs), pagers, laptop computers, desktop computers, wireless handsets, or any computing
device including a wireless communications interface. A UE may also be referred to as a client,
mobile, mobile device, mobile terminal, user terminal, mobile unit, mobile station, mobile user,
subscriber, user, remote station, access agent, user agent, receiver, radioc eguipment,
reconfigurable radio equipment, or reconfigurable mobile device. The UE 1116 may comprise
an IoT UE, which can comprise a network access layer designed for low-power IoT
applications utilizing short-lived UE connections. An IoT UE can utilize technologies (e g,
M2M, MTC, or mMTC technology) for exchanging data with an MTC server or device via a
PLMN, other UEs using ProSe or B2D communications, sensor networks, or IoT networks. The
M2M or MTC exchange of data may be a machine-initiated exchange of data. An IoT network
describes interconnecting 1oT UEs, which may include umiquely identifiable embedded
computing devices {within the Internet infrastructure). The ToT UEs may execute background
applications (e.g., keep-alive messages, status updates, ¢tc.} to facilitate the connections of the
10T network.

[8163] The UE 1116 may be configured to connect or communicatively couple with the
{R)AN 1106 through a radio interface 1130, which may be a physical communication interface
or layer configured to operate with cellular communication protocols such as a GSM protocol, a
CDMA network protocol, a Push-to-Talk (PTT) protocol, a PTT over Cellular (POC) protocol,
a UMTS protocol, a 3GPP LTE protocol, a SG protocol, a NR protocol, and the like. For
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example, the UE 1116 and the (R)AN 1106 may use a Uu interface (e.g., an LTE-1Ju interface}
to exchange control plane data via a protocol stack comprising a PHY layer, an MAC layer, an
RLC layer, a PDCP layer, and an RRC layer. A DL transmission may be from the (R}JAN 1106
to the UE 1116 and a UL transmission may be from the UE 1116 to the (R)JAN 1106. The UE
1116 may further use a stdelink to communicate directly with another UE {(not shown) for D2D,
P2P, and/or ProSe communication. For example, a ProSe interface may comprise one or more
fogical channels, including but not limited to a Physical Sidelink Control Channel (PSCCH]}, a
Physical Sidelink Shared Channel (PSSCH), a Physical Sidelink Discovery Channel (PSDCH),
and a Physical Sidelink Broadcast Channel (PSBCH).

[0164] The (R)AN 1106 can include one or more access nodes, which may be referred to as
base stations (BSs), NodeBs, evolved NodeBs {(eNBs), next Generation NodeBs {(gNB), RAN
nodes, controllers, transnussion reception points {TRPs), and so forth, and can comprise ground
stations {e.g., terrestrial access poinis) or satellite stations providing coverage within a
geographic area {(e.g., a cell). The (R)AN 1106 may nclude one or more RAN nodes for
providing macrocells, picocells, femtocells, or other types of cells. A macrocell may covera
relatively large geographic area (e g., several kilometers in radius) and may allow unrestricted
access by UEs with service subscription. A picocell may cover a relatively small geographic
area and may allow unrestricted access by UEs with service subscription. A femtocell may
cover a relatively small geographic area (e.g., a home} and may allow restricted access by UEs
having an association with the femtocell (e.g., UEs 1n a Closed Subscriber Group (CS5G), UEs
for users in the home, etc.).

[8165] Although not shown, multiple RAN nodes (such as the (R)AN 1106) may be used,
wherein an Xn interface 15 defined between two or more nodes. In some implementations, the
Xn interface may include an Xn user plane {Xn-U) interface and an Xn control plane {Xn-C}
interface. The Xun-U may provide non-guaranteed delivery of user plane PDUs and
support/provide data forwarding and flow control functionality. The Xn-C may provide
management and error handling functionality, functionality to manage the Xn-C interface;
mobility support for the UE 1116 in a connected mode {(e.g., CM-CONNECTED) including
functionality to manage the UE mobility for connected mode between one or more (R}AN
nodes. The mobility support may include context transfer from an old (source) serving (RJAN
node to new (target} serving {R}JAN node; and control of user plane tunnels between old

(source) serving (RYAN node to new (target) serving (RJAN node.
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18166] The UPF 1102 may act as an anchor point for intra-RAT and inter-RAT mobility, an
external PDU session point of interconnect to the DN 1104, and a branching point to support
multi-homed PDU session. The UPF 1102 may also perform packet routing and forwarding,
packet inspection, enforce user plane part of policy rules, lawfully intercept packets (UP
collection); traffic usage reporting, perform QoS handling for user plane (e.g. packet filtering,
gating, UL/DL rate enforcement), perform Uplink Traffic verification (e g., SDF to (oS flow
mapping}, transport level packet marking in the uplink and downlink, and downlink packet
buffering and downlink data notification triggering. The UPF 1102 may include an uphink
classifier to support routing traffic flows to a data network. The DN 1104 may represent
various network operator services, Internet access, or third party services. The DN 1104 may
include, for example, an application server.

[8167] FIG. 12 dlustrates an NG-RAN architecture 1200, according to one embodiment,
comprising a 3GC 1204 and an NG-RAN 1202, The NG-RAN 1202 includes a plurality of
gNB (two gNB shown as gINB 1206 and gNB 1208} connected to the 5GC 1204 through the NG
interface. The gNB 1206 and gNB 1208 can support FDD mode, TDD mode, or dual mode
operation, and are connected to one another through the Xn-C interface. As shown, the gNB
1208 includes a gNB-CU 1210 connected to a gNB-DU 1212 and a gNB-DU 1214 through the
F1 interface. The gNB 1208 may include only a single gNB-DU or more than the two gNB-
DUs shown. The NG interface, Xn-C interface, and F1 interface are logical interfaces.

[0168] FIG. 13 1s a block diagram dlustrating components 1300, according to some example
embodiments, able to read mstructions from a machine-readable or computer-readable medium
{e.g., a non-~transitory machine-readable storage mediom) and perform any one or more of the
methodologies discussed heremn. Specifically, FIG. 13 shows a diagrammatic representation of
hardware resources 1302 including one or more processors 1306 {(or processor cores), one ot
more memory/storage devices 1314, and one or more communication resources 1324, each of
which may be communicatively coupled via a bus 1316. For embodiments where node
virtualization (e.g., NFV) is utilized, a hypervisor 1322 may be executed to provide an
execution environment for one or more network slices/sub-slices to utilize the hardware
resources 1302

[6169] The processors 1306 {e.g., a central processing unit (CPU), a reduced instruction set
computing {RISC) processor, a complex instruction set computing {CISC) processor, a graphics

processing unit (GPU), a digital signal processor (DSP) such as a baseband processor, an
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application specific integrated circuit {ASIC), a radio-frequency integrated circuit {RFIC),
another processor, or any suitable combination thereof} may include, for example, a processor
1308 and a processor 1310,

[8176] The memory/storage devices 1314 may include main memory, disk storage, or any
suttable combination thereof. The memory/storage devices 1314 may include, but are not
himited to any type of volatile or non-volatile memory such as dynamic random access memory
{DRAM), static random-access memory {(SRAM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only memory (EEPROM), Flash memory,
solid-state storage, etc.

[617%1] The communication resources 1324 may include interconnection or network interface
components or other suitable devices to communicate with one or more peripheral devices 1304
or one or more databases 1320 via a network 1318. For example, the communication resources
1324 may include wired communication components {e.g., for coupling via a Universal Serial
Bus (USB)), cellular communication components, NFC components, Bluetooth® components
{e.g.. Bluetooth® Low Energy), Wi-Fi® components, and other communication components.
(8172} Instructions 1312 may comprise software, a program, an application, an applet, an app,
or other executable code for causing at least any of the processors 1306 to perform any oune or
more of the methodologies discussed herein. The mstructions 1312 may reside, completely or
partially, within at least one of the processors 1306 (e.g., within the processor’s cache
memory}, the memory/storage devices 1314, or any suitable combination thereof. Furthermore,
any portion of the instractions 1312 may be transferred to the hardware resources 1302 from
any combination of the peripheral devices 1304 or the databases 1320, Accordingly, the
memory of the processors 1306, the memory/storage devices 1314, the peripheral devices 1304,
and the databases 1320 are examples of computer-readable and machine-readable media.
[8173] For one or more embodiments, at least one of the components set forth 1n one or more
of the preceding figures may be configured to perform one or more operations, techniques,
processes, and/or methods as described herein. For example, the baseband curcuttry as
described above in connection with one or more of the preceding figures may be configured to
operate in accordance with one or more of the examples set forth below. For another example,
circuitry associated with a UE, base station, network element, ete. as described above in
connection with one or more of the preceding figures may be configured to operate in

accordance with one or more of the examples set forth below in the example section.

3

LA



WO 2022/151129 PCT/CN2021/071679

18174] Any of the above described embodiments may be combined with any other
embodiment {or combination of embodiments), unless explicitly stated otherwise. The
foregoing description of one or more implementations provides iHustration and description, but
is not intended to be exhaustive or to limit the scope of embodiments to the precise form
disclosed. Modifications and variations are possible in hight of the above teachings or may be
acquired from practice of various embodiments.

[6175] Embodiments and implementations of the systems and methods described herein may
include various operations, which may be embodied in machine-executable instructions to be
executed by a computer system. A computer system may include one or more general-purpose
or special-purpose computers {or other electronic devices}. The computer system may include
hardware components that include specific logic for performing the operations or may include a
combination of hardware, software, and/or firmware.

[0176] It should be recognized that the systems described herein include descriptions of
specific embodiments. These embodiments can be combined into single systems, partially
combined into other systems, sphit into multiple systems or divided or combined in other ways.
In addition, 1t 1s contemplated that parameters, attributes, aspects, etc. of one embodiment can
be used in another embodiment. The parameters, attributes, aspects, etc. are merely described
in one or more embodiments for clarity, and it is recognized that the parameters, atiributes,
aspects, etc. can be combined with or substituted for parameters, atiributes, aspects, etc. of
another embodiment unless specifically disclaimed herein.

[8177] It is well understood that the use of personally identifiable information should follow
privacy policies and practices that are generally recognized as meeting or exceeding

industry or governmental requirements for maintaining the privacy of users. In particular,
personally identifiable information data should be managed and handled so as to minimize risks
of unintentional or unauthorized access or use, and the nature of authorized use should

be clearly indicated to users.

[8178] Although the foregoing has been described in some detail for purposes of clarity, it
will be apparent that certain changes and modifications may be made without departing from
the principles thereof. It should be noted that there are many alternative ways of implementing
both the processes and apparatuses described herein. Accordingly, the present embodiments are

to be considered illustrative and not restrictive, and the description is not to be hmited to the
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details given herein, but may be modified within the scope and equivalents of the appended

claims.
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CLAIMS

1. A method of an integrated access and backhaul (IAB) node of a wireless communication
system, comprising:

assigning one or more incoming data flows received by the IAB node to an outgoing
data flow having an outgoing logical channel group (LLG) based on an incoming LCG of each
of the one or more incoming data flows, wherein the outgoing LCG indicates a priority of the
outgoing data flow; and

sending a pre-emptive buffer status report {pre-BSR) to a second TAB node of the
wireless communication system using an extended Medium Access Control (MAC) Control
Element (MAC CE) that communicates the cutgoing LCG and a requested buffer size

corresponding to the outgoing data flow.

2. The method of claim 1, wherein the assignment of the one or more incoming data flows to
the outgoing data flow 1s based on a configuration provided to the 1AB node by an IAB control

vt (CU).

3. The method of claim I, wherein an incoming LOG of a first of the one or more incoming
data flows, an incoming LCG of a second of the one or more incoming data flows, and the

outgoing LCG are all different.

4. The method of claim 1, wherein a size of the outgoing LUG 1s extended beyond a range of

current MAC CE.

5. The method of claim 1, wherein the outgoing LLG of the one or more incoming data flows 1s
determined based on a comparison of a number of the one or more incoming data flows with a

threshold received from an integrated access and backhaul (1AB) control unit (CU).

6. The method of claim 1, further comprising assigning the one or more incoming data flows to
a sub-LCG for the outgoing LCG, and wherein the extended MAC CE further comprises an

indication of the sub-LCG.

7. The method of claim 6, wherein a size of the indication of the sub-LCG in the extended

MAC CE corresponds to the outgoing LCG.
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8. The method of claim 6, wherein the sub-LCG 15 one of a number of sub-LCGs configured for

use with the cutgoing LCG by an integrated access and backhaul (IAB) control unit (CU).

9. The method of claum 1, wherein the extended MAC CE further indicates a number of the one

or more incoming data flows.

10. The method of claim 1, wherein the extended MAC CE further indicates a number of

pntque LCGs among the one or more incoming data flows.

11. A method of an integrated access and backhaul (FAB) node of a wireless communication
system, comprising:

assigning one or more incoming data flows received by the IAB node to an cutgoing
data flow having an outgoing logical channel group (LLG) and an outgoing priority index
based on an incoming LLG of each of the one or more incoming data flows, wherein the
outgoing LLG and the outgoing priority index together indicate a priority of the ocutgoing data
flow; and

sending a pre-emptive butfer status report (pre-BSR) to a second IAB node of the
wireless communication system using an extended Medium Access Control (MAC) Control
Element (MAC CE) that communicates the cutgoing LCG, the outgoing priority index, and a

requested buffer size corresponding to the outgoing data flow.

12. The method of claim 11, wherein the assignment of the one or more incoming data flows to
the outgoing data flow is further based on an incoming priority index of each of the one or

more incoming data flows.

13. The method of claim 11, wherein the outgoing priority index for the outgoing LUG 1s
determined based on a packet delay budget (PDB) parameter received from an integrated access

and backhaul (IAB} control unit (CU).

14. The method of claim 11, wherein the outgoing priority index comprises one or more of a

priority field, a prioritized bit rate (PBR) field, and a bucket size duration (BSD) field.

15. The method of claim 11, wherein the cutgoing priority index is chosen by the IAB node
according to a configuration received from an integrated access and backhaul (1AB) control

unit (CUY.
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16. A method of an 1AB node of a wireless commumication system, comprising:
determining that a condition corresponding to an incoming data flow of an incoming
logical channel group (LCG) recetved from a child IAB node s above a threshold; and
providing, to the child [AB node, additional UL grants for the incoming LCG based on

the determination that the condition 15 above the threshold.

17. The method of claim 16, wherein the threshold is configured at the IAB node by an

integrated access and backhaul (IAB} control unit {CU).

18. The method of claim 16, wherein the condition is a number of data flows received at the
child TAB node that 1s included in the incoming data flow, and the threshold 1s 2 maximum

number of data flows recerved at the child IAB node that is included in the incoming data flow.

19. The method of claim 16, wherein the child IAB node communicates a status of the

condition to the IAB node.
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i 604
~ ASSIGNING THE ONE OR MORE INCOMING DATA FLOWS TOA f
SUB-LCG FOR THE OUTGOING LCG |

SENDING A PRE-BSR TG A SECOND IAB NODE OF THE WIRELESS f
COMMUNICATION SYSTEM USING AN EXTENDED MAC CE THAT
COMMUNICATES THE QUTGOING LCG AND AREQUESTED BUFFER
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ASSIGNING ONE OR MORE INCOMING DATA FLOWS RECEIVED BY f
AN IAB NODE TO AN QUTGOING DATA FLOW HAVING AN
OUTGOING LCG AND AN GUTGOING PRIORITY INDEX BASED CN
AN INCOMING LCG OF EACH OF THE ONE OR MORE INCOMING
DATA FLOWS, WHEREIN THE OUTGOING LLG AND THE GUTGOING
PRICRITY INDEX TOGETHER INDICATE A PRIORITY OF THE
QUTGOING DATA FLOW

L 704
SENDING A PRE-BSRTO A SECOND |AB NODE OF THE WIRELESS f
COMMUNICATION SYSTEM USING AN EXTENDED MAC CE THAT
COMMUNICATES THE QUTGOING LCG, THE OUTGOING PRIORITY
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OUTGOING DATA FLOW
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DETERMINING THAT A CONDITION CORRESPONDING 1O AN f
INCOMING DATA FLOW OF AN INCOMING LCG RECEIVED FROM A
CHILD 1AB NODE IS ABOVE A THRESHOLD
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