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METHODS, DEVICES, AND SYSTEMS FOR
SMALEL DATA TRANSMISSION

TECHNICAL FIELD

The present disclosure is directed gencrally to wircless cornmunications, Particularly, the present disclosure
X o o o

relates to methods, devices, and systems for small data transmissions when a user equipment device is in an inactive state.

BACKGROUND
Wireless commumnication technologies are moving the wodd toward an increasingly connected and networked
socicty. High~speed and low-latency wircless communications rely on efficient network resource management and
allocation between user equipment and wireless aceess network nodes (including but not limited to base stations). A new
generation network is expected to provide high speed, low latency and ultra-reliable communication capabilities and fulfill

the requirements from different industries and users.

With the rapid evohation of cellular mobile communication systems, a wireless network supports various
types of services having different requirements for data packet ransmission.  These requirements include, for example,
payload size, transmission latency, transoission reliability, transmission priority, and the like. When a User Equipment (UE)
is in inactive or idle mode, it is critical for the UE to reduce power consumption while still being able to support data

transmission with ¢fficient radio resource utilization, particularly for to-be-transmitied data having a relatively small size,

The present disclosure describes various embodiments for configuring small data transmission, which may
address at keast one of issucs/problems associated with the existing systern, particularly solving the issnes/problems related
to the downlink small data transmission, thus decreasing the load on radio access network, lowering energy consumption of

the UE, and tmproving the efficiency and/or performance of the wireless communication.

SUMMARY
This document relates to methods, systems, and devices for wireless communication, and more specifically,
for configurng small data transmission when a user equipment device is in an inactive or idle state. Various cmbodiments
in the present disclosure may mncrease the resource withization cfficiency, boost latency performance of the wircless

conunucation, conserve energy consuraption of user equipment.

1o one embodiment, the present disclosure describes a method for wircless corarmupication. The method
includes performing, by a first network node, a small data transnission (SDT) transmission to a user equipment {UE) by:
sending, by the first network node, a paging message to a second network node, the paging message configured 1o request
the second network node to page the UE for the SDT transmission, wherein the pagiag message compuises SDT

information, and the second network node pages the UE according to the SDT information.

o one embodiment, the present disclosure describes a method for wircless commrunication. The method
includes performing, by a second network node, a small data transmission (SDT) transmission to a user cquipment (UE) by:
recetving, by the sccond setwork node, a paging message from a first network node, the paging message configured to
request the second network node to page the UE for the SDT transmission, wherein the paging message comprises SDT

information, and the second network node pages the UE according to the SDT information.
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In some other embodiments, an apparatus for wireless communication may include a memory storing

mstructions and a processing circuitry in communication with the memory. When the processing circuitry execotes the

instructions, the processing circuitry i configured to carry out the above methods.

In some other embodiments, a device for wireless communication may include a memory storing instractions
and a processing circuitry in commumnication with the memory. When the processing circuitry executes the instractions, the

processing circuitry is configured to carry out the above methods.

In some other embodiments, a computer-readable medium comprising instructions which, when executed by a

corpputer, canse the computer to carry out the above methods.

The above and other aspects and their implersentations are described 10 greater detail 10 the deawings, the

descriptions, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a schematic diagram of a wircless commumnication system.

FIG. 1B shows a schematic diagram of a base station.

FIG. 2 shows an example of a network node.

FIG. 3 shows an example of a user equipment.

FIG. 4A shows a flow diagram of a method for wircless communication.

FIG. 4B shows a flow diagram of another method for wireless communication.

FIG. 5 shows a flow diagram of an exemplary embodiment for wireless commumication.
FIG. 6 shows a flow diagram of an exemplary embodiment for wireless communication.
FIG. 7 shows a flow diagram of an exemplary embodiment for wireless commumnication.
FIG. 8 shows a flow diagram of an exemplary embodiment for wircless communication.
FIG. 9 shows a flow diagram of an exemplary embodiment for wireless communication.
FIG. 10 shows a flow diagram of an exemplary embodiment for wireless communication.
FIG. 11 shows a flow diagram of an exemplary embodiment for wircless communication.
FIG. 12 shows a flow diagram of an exemplary embodiment for wircless communication.
FIG. 13 shows a flow diagram of an exemplary embodiment for wircless communication.

DETAILED BESCRIPTION
The present disclosure will now be described in detail hercinafter with reference to the accompanied drawings,
which form a part of the present disclosure, and which show, by way of tllustration, specific examples of embodiments.
Please note that the present disclosure may, however, be embodied in a vanety of different forms and, therefore, the
covered or clained subject matter is intended to be constraed as not being lunited to any of the embediments to be set forth

below.
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Throughout the specification and claims, teoms may have nuanced meanings suggested or implied in context

beyond an explicitly stated meamng. Likewise, the phirase “in one embodiment” or “in some embodiments” as used herein
does not necessarily tefer to the same embedirent and the phrase “in another ernbodiment” or “in other ermbodiments” as
used herein does not necessarily refer to a different embodiment. The phrase “in one implementation” or “in some
implementations” as used herein does not gecessanly refer o the same implementation and the phrase “in another
implermentation” or “in other implementations” as used herein does not pecessanly refer to a different implementation. It s
intonded, for example, that claimed subject matter includes combinations of exemplary embodiments or implementations in

whole or in part.

In general, terminology may be understood at least in part from nsage o context. For exaraple, terms, such as
“and”, “or”, or “and/or,” as used herein may 1nctude a variety of meanings that may depend at least in part upon the context
in which such terms arc used. Typically, “or” if used 10 associate a list, suchas A, B or C, is intended to mean A, B, and C,
here used in the inclusive sense, as well as A, B or C, here used in the exclusive sense. In addition, the term “one or more”
or “at least one” as used herein, depending at least in part upon context, may be used to describe any feature, structure, or
characteristic in a singular sense or may be used to describe combinations of features, structures or characteristics in a
phural sense. Similarly, terms, such as “a”, “an”, or “the”, again, may be understood to convey a singular wsage or to convey
a plural usage. depending at least in part upon contest. In addition, the term “based on” or “determined by” may be
understood as not necessarily intended to convey an exclusive set of factors and may, instead, allow for existence of

additional factors not necessarily expressly described, again, depending at least in part on context.

With the development of intelligent terminals (e.g., user equipment {UE)) and internet of things (IoT)
terminals, a nuraber of users of some instant messaging services such as WeChat, twitter, QQ message and other
applications is increasing. Such services are usually online all the time, and arc mainly for small data transmission (SDT),
such as text messages. Traditionally, the transmission of user data is not allowed when in an inactive state. Even for the
transmission of a very small amount of data the device has to resunw the connection, which may have a negative impact on
signaling overhead as well as device energy consumption. Since the small data volume service requires the UE to
frequently re-establish the signaling link with the RAN radio network, 1t causes problems such as increased signaling load

on the RAN and the energy consumption on the UE becomes larger.

In some implemeniations, the transrmssion of small data payloads (i.e. SDT) may be made in an inactive state.
For new radio (NR) specifications the UE may have three states: idle, inactive and connected. The UE cannot transnit data
in idle and inactive, so when UE wants to transmut data in idle or inactive, the UE first transfers fo connected. However, for
small data trapsmission (SDT), the UE may transmit small data in an inactive state, rather than trassferring to connected
first. The version of idle/inactive in which no data can be transferred may be referred to as the legacy state as compared

with the states presented here that allow for small data transmission in tnactive or idle states.

Any device that has intermittent small data packets in an inactive state may benefit from enabling small data
transmission (SDT) while in an inactive state. SDT traffic may have different service requirements as comparad to
conventional or larger data transmission traffic types. SDT commmnication or data transfer may be made from/with the UE
while in an inactive state. The UE may send an SDT request message to a base station, which may be a nodeB (NB, e.g., an
2NB or gNB) in a mebile telecommunications context. The base station may respond to the UE request message with a
reply that includes an SDT indication. The SDT indication signals that communication may be made from the UE even in

an inactive state. Small data transmissions while in an inactive state may save power and reduce signaling overhead.

3



WO 2023/205980 ) o PCT/CN2022/088860 )
In some implementations, the SDT comnmnications may coexist with legacy mixed traffic on the same carrier,

while traproving usage of network resources (power, cades, interference, etc.) for the SDT commumnications. Examples of
small and infrequent data traffic that would qualify for SDT include smartphone applications, such as 1) traffic from Tostant
Messaging services (¢.g. whatsapp, QQ. wechat, etc.); 2) heart-beat/keep~alive traffic from IM/email clients and other apps;
and 3) push notifications from vartous applications. In addition, other SDT may include traffic from wearables (periodic
positioning information e1C.), sensors (¢.g. Industrial Wireless Sensor Networks transaritting temperature, pressure readings

periodically or in an event triggered manner), and smart meters or smart meter networks sending periodic meter readings.

In varions embodiments, small data in SDT may include data with an application packets size of 100s bvtes
{upload UL or downdoad DL) or lower. Although the examples and embodiments described herein refer to small data or
small data transmission, the scope of small data may vary and may iaclude data other than small data, soch as normal data

or large data. Specifically, the size of small data can vary and the embodiments/examples will apply to any data.

Radio resource control (RRC) is a protocol laver between UE and the base station at the 1P level (Network
Layer). RRC messages are transporied via the packet data convergence protocol (PDCP). As described, UE can transiit
infrequent (periodic and/or pon-perindic) data 10 RRC INACTIVE state without moving to an RRC CONECTED state.
This can save the UE power consumption and signaling overhead. This can be throngh a Random Access Channel (RACH)

protocel scheme or Configured Grant (CG) scheme.

In some implementations, a UE in RRC inactive state may resume the RRC connection (i.e. transition to RRC
Connected state), and then to perdorm any dowanlink (DL and Uplink (UL) data transassion, irrespective of the payload
size. In some other implementations, 1o meet the increasing requirements of latency reduction and energy cfficiency,
infrequent smatl packet transmission under SDT enables UEs in RRC inactive stale o perform data transmission without

requiting transition to an RRC connected state.

In some immplementations, SDT is enabled on a radio bearer basis and is intiated by the UE only if less than a
configured amount of UL (uplink) data awaits {ransmission across all radio bearers for which SDT is enabled. In some
implementations, only UE may initiate the SDT procedure for UL data, and thus, when iofreguent and small amount DL
data arrives at the gNB for a UE in RRC inactive state, the gNB may only request a UE to transfer frorm RRC ipactive state
to RRC_CONNECTED state for subscquent DL data transmission. Therefore, additional transmission latency for DL SDT

data is introduced, and the energy consumption on the UE becomes larger.

The present disclosure described various embodiment for configuring small data transmission, which may be
initiated by the base station or cote network when infrequent and small arnount DL data arrives for a UE in RRC inactive

state, addressing at least one of the problems/issucs discussed above.

FI1G. 1A shows an example cellular wireless commprumnication network 100 (also referred o as wircless
communication system) that includes a core networlk 110, a radio access network (RAN) 120, and one or more user

equipment (UE) 130.

The RAN 120 further includes multiple base stations 122 and 124, The base station 122 and one or more
user equipment (UE) 130 communicate with one another via Over the Air (OTA) radio commmunication resources 140, The
wireless commmurication network 100 may be implemented as, as for example, a 2G, 3G, 4G/LTE, or 3G cellular
communication network, Correspondingly, the base stations 122 and 124 may be implemented as a 26 base station, a 3G
nodeB, an L TE eNB, or a 5G New Radio (NR) gNB. The UE 130 mayv be implemented as mobile or fimed communication

4
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devices installed with SIM/USIM modules for accessing the wireless communication network 100. The one or more UE

130 may include but is not limited to mobile phones, Internet of Things (IoT) devices, Machine-type commmunications
(MTC) devices, laptop computers, tablets, personal digital assistants, wearable devices, distributed rerote sensor deovices,
roadside assistant equipment, and deskiop computers. Alternative to the context of cellular wireless network, the RAN 120
and the principles described below may be imaplemented as other types of radio access networks, such as Wi-Fi, Bluetooth,

ZigBee, and WiMax networks.

In the example wireless commugication system 100 of FIG. LA, the one or more UE 130 may connect with
and establish a communication session with the base station 122 via the OTA interface 140. The communication session
between the UE 130 and the base station 122 may utilize downlink (DL and/or uplink (UL) transmission resources. The
DL transmaission resource carries data from the base station 122 to the UE 130, and the UL transmission resource carries
data from the UE 130 to the base station 122. Under certain circurastances, for example when the base station 122 is
unavailable or when the UE 130 moves into a coverage of the base station 124, the one or more UE 130 may copnect with

and establish a conmununication session with the base station 122.

Referring to FIG. 1B, a basc station (2.2, gNB) 150 may have a conirol-distributed separated structure, which
may include a control unit (CU) 160 and one or more distributed unit (DU) 171, 172, and/or 173, The CU may include a
control plan (CP) 161 and a user plan (UP} 162. The CP 161 may be referred as CU-CP or gNB-CU-CP, and the UP {62
may be referred as CU-UP or gNB-CU-UP. The CU-CP 161 may communicate with the CU-UP 162 viaan E1 nterface
between them. The CU-CP 161 may communicate with the one or more DU via a F1-C interface, and the CU-UP 162 may

commuricate with the one or more DU via a F1-U nterface.

FIG. 2 shows an example of electronic device 200 to implement a network base station. The example
clectronic device 200 may include adio transmitting/receiving (T/Rx) circuitry 208 to teansmit/receive copununication
with UEs and/or other base stations. The clectronic device 200 may also include network interface circuitry 209 1o
communicate the base station with other base stations and/or a core network, ¢.g., optical or wircling interconnects,
Ethernet, and/or other data transmission medinms/protocols. The electronic device 200 may optionally include an

input/output (1/0) mterface 206 to compumnicate with an operator or the like.

The electronic device 200 may also include system circuitry 204, System circuitry 204 may include
processor(s) 221 and/or memory 222. Merory 222 may include an operating system 224, instructions 226, and parameters
228. Instauctions 226 may be configured for the one or mare of the processors 124 to perform the fooctions of the network
node. The parameters 228 may inchide parameters to support exccution of the instructions 226, For example, parameters
may inclade network protocol scttings, bandwidth parameters, radio frequency mapping assignments, and/or other

parameters.

FIG. 3 shows an example of an electronic device to traplement a tenmunal device 300 (for example, user
equipment (UE)). The UE 300 may be a mobile device, for example, a smart phone or a mobile comynunication module
disposed in a vehicle, The UE 300 may include commurication interfaces 302, a system circuitry 304, an input/output
imterfaces (1/0) 300, a display circuitry 308, and a storage 309. The display circuitry may include a user interface 310, The
system circuitry 304 may include any combination of hardware, software, firmware, or other logic/circuitry. The system
circuitry 304 may be implemented, for example, with one or more systems on a chip (SoC), application specific integrated
circuits (ASIC), discrete analog and digital circuits, and other circuitry. The system circuitry 304 may be a part of the
implementation of any desired functionality in the UE 300, In that regard, the svstem circuitry 304 may include logic that

5
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facilitates, as examples, decoding and playing music and video, ¢.g., MP3, MP4, MPEG, AVI, FLAC, AC3, or WAY

decoding and playback; nunning applications; accepting user inputs; saving and retrieving application data; ¢stablishing,
maintaining, and terminating cellular phoge calls or data conoections for, as onc example, intemet connectivity;
establishing, maintaining, and terminating wireless network connections, Biuetooth connections, or other connections; and
displayving relevant information on the user irterface 310, The user interface 310 and the itnpuots/ontput (/O) interfaces 306
may inchude a graphical user interface, touch sensitive display, haptic feedback or other haptic output, voice or facial
recognition inputs, buttons, switches, speakers and other user interface clerents. Additional examples of the 1/0 interfaces
306 may include microphones, video and still image cameras, termperatore sensors, vibration sensors, rotation and
orientation sensors, headset and microphone input / output jacks, Universal Scrial Bus (USB) connectors, memory card

slots, radiation sensors (¢.g., IR sensors), and other types of inputs.

Referdng to FIG. 3, the communication interfaces 302 may include a Radio Frequency (RF) transmit (Tx) and
receive {Rx) circuitry 316 which handles transmission and reception of sigaals through one or more antennas 314, The
conunupication interface 302 may include one or more transceivers. The transceivers may be wireless transceivers that
include modulation / demodulation circuitry, digital to analog converters (DACs), shaping tables, analog to digital
converters (ADCs), filters, waveform shapers, filters, pre-amplifiers, power amplifiers and/or other logic for transmitting
and receiving through one or more antenaas, or (for some devices) theough a physical (e.g., wireline) medium. The
transmitted and received signals mav adherc to any of a diverse array of formats, protocols, modulations (e.g., QPSK,
16-QAM, 64-GQAM, or 256-0QAM), frequency channels, bit rales, and encodings. As one specific example, the
copunupication interfaces 302 may 1nclude transceivers that support transmission and reception under the 2G, 3G, BT,
WiFi, Universal Mobile Telecommunications System (UMTS), High Speed Packet Access (HSPA)+, 4G/ Long Term
Evolution (LTE), 5G standards, and/or 6G standards. The techniques described below, however, are applicable to other
wireless comrsunications techoologies whether arising from the 3rd Generation Partnership Project (3GPP), GSM

Association, 3GPP2, 1EEE, or other partnerships or standards bodies.

Referring to FIG. 3, the system circuitry 304 may inchude one or more processors 321 and memories 322. The
menory 322 stores, for example, an operating system 324, instructions 326, and parameters 328. The processor 321 1s
configured to execute the instructions 326 to carry out desired functionality for the UE 300. The pacameters 328 may
provide and specify configaration and operating options for the instractions 326. The memory 322 may also store any BT,
WiFi, 3G, 4G, 3G, 6G, or other data that the UE 300 will send, or has received, through the communication interfaces 302,
In various tmaplementations, a system power for the UE 300 may be supplied by a power storage device, such as a battery or

a transforoer.

The present disclosure describes various embodiment for configuring small data trassmission, which may be
implermented, partly or totally, on the network base station and/or the user equipment described above in FIGS. 2-3. The
various crobodiments in the present disclosure may solve the issues/problems related to the downlink small data
transmission. thus decreasing the load on radio access netwotk, lowering energy consuraption of the UE, and improving
the efficiency and/or performance of the wircless communication.

Referring to FIG. 44, the present disclosure describes various embodiments of a method 400 for wireless
cormmupication. The method 400 may include pedforming, by a first network node, a small data transonission (SDT)

transmission 10 a user equipment (UE). The method 400 may inchade: step 410, sending, by the first network node, a paging

message 1o a second network node, the paging message configured to request the second network node to page the UE for

6



WO 2023/205980 . ) o , PCT/CN2022/088860
the SDT transmission, wherein the paging message comprises SDT information, and the second network node pages the

UE according to the SDT information.

Referrng to FIG. 4B, the present disclosure describes various erabodiments of a method 430 for wircless
conunupcation. The method 450 may inchide performing, by a second network node, a sowall data transmission (SDT)
transmission to a user equipment (UE). The method 450 may mclade: step 460, receiving, by the second network node, a
paging message from a first network node, the paging message configared to request the sccond network node to page the
UE for the SDT transmission, wherein the paging message comprises SDT information, and the second network node pages

the UE according to the SDT information.

Invarious embodiments and/or implementations of the present disclosure, a network node may weferred as a

network element.

In some implementations, the first network node may be referred as a first network clement or a scuice
network element, for example but not limited to, a control unit of a base station. In sone implementations, the second
network node may be referred as a second network element or a target network element, for example but not limited to, 2

distributed unit of a base station

In some implemeniations, the first network node is a control unit of a base station (gNB-CU) and the sccond
netwaork node is a distributed noit of the base station (ENB-DU); or the first network node is a first gNB and the second

network node is a second gNB.

In some implementations, the first network node is the gNB-CU: a control plane entity of the gNB-CU
{gNB-CU-CP) sends a message to a user plane entity of the gNB-CU (gNB-CU-UP), the message comprising a SDT
trigger parameter; and the SD'T tagger parameter comprises at least one of the following: a data volune threshold for the
UE, a data volume threshold for a protoco] data unit (PDU) session, or a data volume threshold for a bearer configured with

the SDT transnussion.

In some implementations, the first network node is the gNB-CU; in response o receiving downlink (DL) data,
a gNB-CU-UP determines, according to a SDT trigger parameter, whether to use the SDT transmission to transmit the
received DL data; and in response to the gNB-CU-UP's determining to use the SDT transmission to transmit the received
DL data, the gNB-CU-UP sends a message to a gNB-CU-CP o notify arrival of the DL data, the message comprising SDT
information indicating the SD'T transmission expected and/or SDT data, wherein the ST data coraprises at least one

portion of the received DL data for transmitting to the UE.

In some implementations, the gNB-CU-UP determines, according to the SDT trigger parameter, whether to
use the SDT transmission (o transmit the reccived DL data by at least one of the following: in response to the SDT trigge
patameter comprising a data volame threshold for the UE and a data volume of the received DL data of all bearers
configured with SDT for the UE being no larger than the data volume threshold for the UE, the gNB-CU-UP determines to
use the SDT transmission to transmit the received DL data; in response 1o the SDT trigger parameter comprising a data
volwme threshold for a PDU session and a data volwme of the received DL data of all bearers configured with SDT for the
PDU session being no larger than the data volume threshold for the PDU session, the gNB~CU-UP deternines to use the
SDT transmission to transmit the received DL data; or in response to the SDT trigger parameter comprising a data volume
threshold for a bearer and a data volume of the received DL data for the bearcr being no larger than the data volume
threshold for the bearer, the gNB-CU-UP determines to use the SDT transmission to transmit the received DL data.

7
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In some implermentations, the paging message comprises SDT data, wherein the SDT data comprises at least

one portion of received DL data for transmitting to the UE.

In some implementations, before the second network pages the UE according to the SDT information: in
response to recetving the paging message, the second network node sends a paging early indication (PEI} message to the

UE, the PEI message comprises the SDT information indicating the SPT transoussion.

In some implementations, the second network node pages the UE according to the SDT information by: the
second network node sends a radio resource control (RRC) paging message to the UE, the RRC paging message

comaprising the SDT information indicating the SDT transmission.

{n sone implernentations, in responsce to receiving a RRC paging message from the second network node, the
UE sends a RRC resume request message to the second network node, the RRC resurne request message comprising a SDT

indicator to request respming the UE in an inactive state for the SDT transmission.

In some implemeniations, a core network (CN) sends a message to the first network node for requesting to
transfer a non-access stratum (NAS)Y PDU (o the UE, the message comprising oue of a single MAS PDU indicator
indicating that no subsequent NAS PDU transmission is expected or a multiple NAS PDU indicator indicating that at least

one subscquent NAS PDU transmission is expected.
In some implementations, the message comprises a downlink NAS transport message.

In some implemeniations, the first network node is the gNB-CU, and the gNB-CU-CP determines whether to
relocate a UE context to a neighbour gNB according o the SDIT information received from the gNB-CU-UP by: 1o
response to the UE subsequently resuming at the neighbour ghB and the SDT information comprising a multiple-packet

indicator, the gNB-CU-CP determines to relocate the UE context o the neighbour gNB.

In some implementations, the SDT information comprises at least one of the following: a SDT indicator
indicating that the SD'T transmission is expected; a single-packet 1ndicator indicating that no subsequent SDT transmission

is expected; or a multiple-packets indicator indicating that at least one subsequent SDT transmission is expected.

The present disclosure describes various embodiments with non-limiting exemplary cxamples for configuring

small data transmission (SDT).

I: Embodiments of configuring SDT trigger parameters for multiple UEs at oeNB-CU-UP via E1 sety

FIG. 5 shows two options (or alternatives) to configure SDT trigger parameters for muldtiple UEs at a
eNB-CU-UP via Bl interface setop procedures: Option 1, the gNB-CU-UP initiate the El sctup procedure; and Option 2,
the gNB-CU-CP imtiates the El setup procedure. The El interface may be referred to the interface between a gNB-CU-CP
and a gNB-CU-UP.

Regarding Option 1 (510), m step 501a.1, a gNB-CU-UP 592 initiates an E1 interface setup procedure by
cending a GNB-CU-UP E1 SETUP REQUEST owessage to a gNB-CU-CP 591 In step S01a.2, after receiving the
GNB-CU-UP BT SETUP REQUEST message, the gNB-CU-CP sends a GNB-CU-UP El1 SETUP RESPONSE message to
gNB-CU-UP inchiding the SDT trigger parameters. The SDT trigger parameters at least inchudes a configured data volume
threshold for the UE, or for the PDU session, ot for the bearer configured with SDT. Then, the E1 interface 1s successfully
cstablished to exchange application level data needed for the gNB-CU-UP and the gNB-CU-CP,
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Regarding Option 2 (520), in step 501b.1, the gNB-CU-CP initiates the E1 interface setup procedure by

sending a GNB-CU-CP El SETUP REQUEST message including the SDT trigger parameters to the gNB-CU-UP, where
the SDT tngger parameters at least inclndes a configured data volune threshold for the UE, or for the PDU session, or for
the bearer configured with SDT. In step 501b.2, after receiving the GNB-CU-CP E1 SETUP REQUEST message. the
eNB-CU-UP sends a GWNB-CU-CP E1 SETUP RESPONSE message to the gNB-CU-CP, and then the ET interface is
successiully established to exchange application level data necded for the gNB-CU-UP and the gNB-CU-CP.

After either option 1 or Option 2, in step 502, the GNB-CU-UP stores the received SDIT trigger parameters for
UEs served by the giNB-CU-UP.

11 Embodiments of configunng SDT trigger parameters for multiple UEs at gNB-CU-UP via El modification

FIG. 6 shows two options (or alternatives) 1o configure SDT trigger parameters for nultiple UEs at
gNB-CU-UP via Bl interface modification procedures: Option i, the gNB-CU-UP initiate the El modification procedure;
and Option 2, the gNB-CU-CP initiates the E1 modification procedure. The El interface may be referred to the interface

between a gNB-CU-CP and a gNB-CU-UP.

Regarding Option 1 (610), mstep 601a. 1, a gNB-CU-UP 692 initiates the E1 modification procedure by
sending a GNB-CU-UP CONFIGURATION UPDATE message to a ghNB-CU-CP 691 In step 601a.2, after receiving the
GNB-CU-UJP CONFIGURATION UPDATE message, the gNB-CU-CP sends GNB-CU-UP CONFIGURATION
UPDATE ACKNOWLEDGE message to the gNB-CU-UP including the SDT trigger parameters, where the SDT irigger
parameters at least includes a configured data volume threshold for the UE, or for the PDU session, or for the bearcr
configured with SDT. Then, the Bl interface is successfully modified to exchange application level data needed for the

gNB-CU-UP and the gNB-CU-CP.

Regarding Option 2 {620), in step 601h.1, the gNB-CU-CP initiates the E1 modification procedure by sending
a GNB-CU-CP CONFIGURATION UPDATE message including the SDT trigger parameter to the gNB-CU-UP, where the
SDT trigger parameters at least 1oclades a configured data volume threshold for the UE, or for the PDU session, or for the
bearer configured with SDT. In step 601b.2, after receiving the GNB-CU-CP CONFIGURATION UPDATE message, the
gNB-CU-UP sends a GNB-CU-CP CONFIGURATION UPDATE ACKNOWLEDGE message to gNB-CU-CP, and then
the E1 unterface is successfully modified to exchange application level data needed for the gNB-CUJ-UP and the
eNB-CU-CP.

After either option 1 or Option 2, in step 602, the GNB-CU-UP stores the received SDT trigger parameters for
UEs served by the gNB-CU-UP.

11 Embodiments of configuring SDT trigeer parameters for UE at oeNB-CU-UP via bearer context setu

FIG. 7 shows a non-limiting example of configuring SDT trigger parameters for a UE at a gNB-CU-UP viaa
bearer context setup. Ta step 701, a gNB-CU-CP 791 sends the BEARER CONTEXT SETUP REQUEST message to a
eNB-CL-UP 792 to request the gNB-CU-UP to establish the requested resources for the UE, including the SDT trigger
parameters of such UE in the message, where the SDT trigger parameters at least includes a configured data vohume
threshold for the UE, or for the PDU session, or for the bearer configured with SDT. In step 702, after recetving the
BEARER CONTEXT SETUP REQUEST message, the gNB-CU-UP mav establish the requested resources for the UE, and
sends BEARER CONTEXT SETUP RESPONSE message to gNB-CU-CP. In step 703: the GNB-CU-UP stores the

reccived SDT trigger parameters of the UE.
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IV. Erobodiments of configuning SPT trigger parameters for UE at eNB-CU-UP via bearer context modification

FIG. 8 shows two options (or alternatives) to configure SDT trigger parameters for a UE at a gNB-CU-LP via
bearer modification procedures: Option 1, the gNB-CU-UP initiate the bearer modification proceduore; and Option 2, the

gNB-CU-CP itiates the bearer modification procedure.

Regadding Option | (810), i step 801a.1, a gNB-CU-UP 892 sends a BEARER CONTEXT
MODIFICATION REQUIRED message to a gNB-CU-CP 891 to modify the bearer configuration of the UE. In step 801a.2,
after recetving the BEARER CONTEXT MODIFICATION REQUIRED message, the gNB-CU-CP modifies the bearer
configuration and sends a BEARER CONTEXT MODIFICATION CONFIRM message to the ghNB-CU-UP 1ocludiog the
SDT trigger parameters of such UE, where the SDT trigger parameters at least inchudes a configured data volume threshold

for the UE, or for the PDU session, or for the bearer configured with SDT.

Regarding Option 2 (820), in step 801b.1, the gNB-CU-CP sends the BEARER CONTEXT
MODIFICATION REQUEST message to the gNB-CU-UP to request gMNB-CU-UP to modify the requested resources for
the UE, including the SDT trigger parameters of such UE in the message, where the SDT trigger parameters at least
includes a configured data volome threshold for the UE, or for the PDU session, or for the bearer configared with SDT. In
step 801b.2, after receiving the BEARER CONTEXT MODIFICATION REQUEST message. the gNB-CU-UP may
modify the requested resources for the UE, and sends a BEARER CONTEXT MODIFICATION RESPONSE message o
the gNB-CU-CP.

After cither option 1 or Option 2, in step 802, the GNB-CU-UP stores the recetved SDT trigger parameters of
the UE.

V., Embodinents for transmitting downlink (DL) SDT inigeered by gNB-CU-UP

FIG. 9 shows a non-limiting exemplary example for tnitiating and transmitting a dowanlink (DL) SDT
triggered by a ghB-CU-UP.

Referring o step 900, a UE 991 is connecting with an RAN with an RRC inactive mode (e, the UEisina
BRC inactive state}. The RAN may inchude one or more gNB-DU 992, one or more gNB-CU-CP 993, and one or more

gNB-CU-UP 994.

Referang to step 901, when DL data of the bearer(s) configured with SD'T arrives for the UE in RRC imactive
state, the gNB-CU-UP determines whether 1o use SDT transmission or not for the UE according to the stored SDT trigger
parameters. The SDT trigger parameter may be obtained and/or stored as described in the previous embodiments in the

present disclosure.

When a configured data volume threshold for the UE is present, the gNB-CU-UP may determine to use SDT
transmission when the arrived data volume of all bearer(s) configured with SDT of such UE is less than (or no larger than)

the corresponding configured threshold.

When a configured data volume threshold for a PDU scssion is present, the gNB-CU-UP may determine to
use SDT transmission when the artived data volume of all bearer(s) configured with SDT of such PDU session is less than

(or no larger than) the corresponding configured threshold.

When a configured data volume threshold for a bearer configured with SDT is present, the gNB-CU-UP may
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determine to use SDT transmussion when the arrived data volume of such SDT bearer is less than (or no larger than) the

corresponding confignred threshold.

Referring to step 902, when the gNB-CU-UP deterimines to use SDT transmussion for the UE, the
gNB-CU-UP sends a DL DATA NOTIFICATION message to the gNB-CU-CP o inform the DL data araving. The DL
DATA NOTIFICATION message may include SDT information to request resuming UE for SDT transmission. The SPT
mformation includes at least one of the following items: an 8DT indicator to indicate that SDT ransmission is expected; a
single packet indicator to indicate that no subsequert SDT tmansoussion is expecied; a multiple-packet indicator to indicate

that subsequent SD'T transmission is expected.

In some implementations, the gNB-CU-UP may decide the items of the SPT information. For example, the
eNB-CU-UP may inchide SDT indicator when it decides to use SDT transmission; the gNB-CU-UP may include a single
packet indicator when only one packet is needed to be transmitted to the UE; the gNB-CU-UP may inclode a

multiple-packet indicator when multiple packets are needed to be transmitted to the UE.

Optionally in some implemeniations, the gNB-CU-UP may includes some SDT data {(e.g., packet data
convergence protocol (PDCP) PDU(S) for the bearcr(s) configured with SD'T) that is needed to be transmitted to the UE
into the DL DATA NOTIFICATION message.

Referting to step 903, after receiving the DL DATA NOTIFICATION message, when the SDT information is
presert in the DL DATA NOTIFICATION message, the gNB-CU-CP sends an F1 paging message (o the gNB-DU 10
inform the DU to page the corresponding UE for SDT transmission. The F1 paging message includes SDT information.
The SDT information includes at least one of the following items: an SDT indicator to indicate that SDT transmission 18
expected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a multiple~-packet

indicator to indicate that subsequent SDT transmission is expected.

Optionally in some implementations, the gNB~CU-UP may include some SDT data (PDCP PDU(s} for the
bearer(s) configured with SDT) recetved from gNB-CU-UP via the DL DATA NOTIFICATION message into the F1
paging message. In some implementations, the SDT information here ray not need to contain all of the SDT information
received from the gNB-CU-UP, for example, it may contain only part of the received information, such as only contains an

SDT indicator.

Ia sorae implementations, the gNB-CU-CP may nse the SDT information received from the gNB-CU-UP 1o
decide whether to relocate UE context to a neighbour gNB or not, when UX is subsequently resuming at neighbour gNB.
For example, when a multiple-packet indicator is present in the SDT information, the gNB-CU-CP may decide to relocate

the UE context to the neighbour gNB.

There may be two options {or alternatives) for the gNB-DU to coramunicate the SDT mnformation to the UE:
Option 1, the gNB-DU includes the SDT information in a paging carly indication (PEI) message; and Option 2, the

gNB-DU includes the SDT information in a RRC paging message.

Regarding Option 1 (910), in step 904a.1, aller receiving an F1 paging message, the gNB-DU sends a PE]
message to the UE before paging the UE, including SDT information in the PEI message to indicate the SDT transinission.
The SDT information includes at least one of the following items: an SDT indicator to indicate that SDT transmission is
expected, a single packet indicator to indicate that no subsequent SDT tranamission is expected; a nmultiple-packet indicator

o indicate that subsequent SD'T transmission is expected. In some implementations, the SDT information here may not

11



WO 2023/205980 . . . . PCT/CN2022/088860
need to contain all of the SDT mformation received from the gNB-CU, for example, it may contain only part of the

recetved information, such as only contains the SDT indicator. In step 904a.2, the gNB-DU sends an RRC paging message

to the UE to page the corresponding UE.

Regarding Option 2 (920), in step 904b, the gNB-DU sends an RRC paging message to the UE to page the
corresponding UE for SDT transmission, including SDT information in the message. The SDT information includes at least
one of the following items: an SDT ndicator to indicate that SDT transmission is expected. a single packet indicator to
indicate that no subsequent SDT transmission 1§ expected; a muliiple-packet indicator to indicate that subsequent SDT
transmission is expected. In some implementations, the SDT mformation here may not need to contain all of the SDT
information received from the gNB-CU, for example. it may contain only part of the received information, such as only

contains the SDT indicator.

1o some tmplementations, after recetving the RRC paging message, when the UE receives the SDT
information from the RRC paging message/or PEI message, the UE may decide to resume UE with inactive state for SDT

{rEnSISsion.

In some implementations, when the UE is configured with the reserved cell group (CG) resource and the UE
receives an mudtiple-packets indicator 1n the SDT 1oformation, the UE may prefer to use the reserved CG resources for
SDT data transmission; and/or when the UE receives a single packet indicator in the SD'T information, the UE may prefer

to use random-access channel (RACH) resources for SDT data transmission.

Referring to slep 905, the UE sends a RRC resumie request message to the gNB-DU, inchuding the SDT
indicator to indicate that SDT transmission is expected in the owessage to request resuming UE with inactive state for SDT

fransmission .

Referng 1o step 906, the UE is resuming at the gNB with the RRC inactive state, and transmitting/receiving

subseguent SDT data between the UE and the gNB via a RACH or CG resource.

Vi. Embodiments for ransmitting DL SDT triegered bv neighbour ghNB

FIG. 10 shows a non-imiting exemplary example for inttiating and transmitting a downlink (DL) SDT
triggered by a neighbour gNB. Referring 1o step 1000, a UE 1091 is connecting with a RAN with RRC inactive mode. The
RAN may be a first gNB (gNB1, 1092}, and a neighbor gNB (gNB2, 1093). The gNB1 is the last serving gNB.

Referring to step 1001, when DL data of the bearer(s) configured with SDT arrives for the UE in RRC
inactive state at the gNB1, the gNB1 may determine whether to use SDT transmission or not for the UE according to the
stored SDT trigger patameters. When a configured data volume threshold for the UE is present, the gNB 1 may determine to
use SDT transmission when the arrived data volume of all bearer(s) configured with SDT of such UE is fess than (or no
farger than) the corresponding configured threshold; and/or when a configured data volume threshold fora PDU session is
present, the gNB1 may determine to use SPT transmission when the arrived data volame of all bearer(s) configured with
SDT of such PDU session is less than {or no larger than) the corresponding configured threshold; and/or when a configured
data volume threshold for a bearer configured with SDT is present, the gNB1 may determine to use SDT transmission when
the arrived data volume of such SDT bearer is loss than (a0 larger than) the corresponding configured threshold. In some
implementations, the SDT trigger parameters may be configured in the gNB1 by an operations, administration and

maintenance (OAM) unit.

12
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Referring to step 1002, when the gNB1 decides to use SDT transmission for the UE, gNB1 sends a RAN
paging message to the neighbour gNB2 to inform the gNB?Z to page the corresponding UE for SDT transmission, inchuding
SDT information in the message. The SD'T isformation includes at least one of the following items: an SDT indicator to
indicate that SDT transmission is expected; a single packet indicator to indicate that no subsequent SDT transmission is
expected; a multiple-packet indicator to indicate that subsequent SDT transmission is expected. The gNB1 may decide the
items of the SDT information. The gNB1 may include the SDT indicator when if decides to use SDT transmission; the
gNB1 may include a single packet indicator when only one packet needed to transmitted to UE; and/or the gNB1 may

inclade a multiple-packet indicator when muldtiple packets needed to transmitted to the UE.

Optionally in some implementations, the gNB1 may include some eceived SDT data (PDCP PDUG) for the

bearer(s) configured with SDT) imio the RAN paging message.

There may be two options {or alternatives) for the gNB?2 to communicate the SDT information to the UE:
Option 1, the gNB2 includes the SDT information in a paging cady indication (PEI) message; and Option 2, the gNB2

includes the SDT information in a RRC paging message.

Referring to Option 1 (1010}, in step 1003a.1, after receiving the RAN paging message, the gNB2 sends a PElL
message to the UE before paging the UE, including SDT information in PET message to indicate SUT transmission. The
SPT information includes at Jeast one of the following items: an SDT indicator to indicate that SDT transmission is
expected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a multiple-packet indicator
to indicate that subsequent SDT transmission 1s expected. In some implemendations, the ST information here may not
need to contain all of the SDT information received frorm the gNB1, for example, it may contain onlv part of the received
mformation, such as only contains the SD'T indicator. In step 1003a.2, the gMNB2 sends an RRC paging message (o the UE

to page the corresponding UE.

Regarding Option 2 (920), in step 1003b, the gNB? sends a RRC paging message o the UE to page the
corresponding UTE for SDT transoission, including SDT information in the message. The SDT information includes at least
one of the following items: an SDT indicator to indicate that SD'T transmission s expected; a single packet indicator to
indicaie that no subsequent SDT transmission is expected; a multiple-packet indicator to indicate that subsequent SDIT
transmission is expected. In some inplementations, the SDT nformation here may not need to contain all of the SDT
information recetved from the gNB1, for exaraple. it may contain only part of the recetved information, such as only

contains the SD'T indicaior.

In some implermentations, after receiving the RRC paging message, when the UE recetves SDT information

from the RRC paging message/or PEI message, UE may decide o resume UE with inactive state for SDT transouission.

In some implementations, when the UT is configured with the reserved CG resource and the UE receives
muliiple packets indicator in SDT information, the UE may prefer o use reserved CG resources for SDT data transmuission;
and/or when the UE receives a single packet indicator in the SDT information, the UE may prefer to use random-access

chanoel (RACH) resources for SDT data transmission.

Refernng 1o step 1004, the UE sends a RRC resume request to the gNB2 including an SDT indicator to

indicate SDT transmission is expected in the message to request resuming UE with inactive state for SDT transmission.

Referring to step 1005, the UE is resuming at the gNB2 with RRC inactive state, and transmitting/receiving

subsequent SDT data between the UE and the gNB2 via the RACH or CG resource.

13
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VI Embodimenis for trapsmitting DL SDT ingeered by NAS transouiting

FIG. 11 shows a non-limiting exemplary exaraple for initiating and transmitting a downlink (DL) SDT
triggered by a NAS trapsmitting. Referring to step 1100, 2 UE 1191 is connecting with a RAN with RRC inactive mode.
The RAN may include a gNB-DU 1192, a gNB-CU-CP 1193, a gNB-CU-UP 1194, connecting with a cote network (CN,
1195).

Referring to step 1101, the CN can send a DOWNLINK NAS TRANSPORT message o request to fransfer a
non-access siratum (NAS) PDU to the UE, including the NAS PDU 1n the message. the CN can alse inclade a single NAS
PDU indicator to indicate that no subsequent NAS PDU transmssion is expected; and/or a multiple NAS PDU indicator to

indicate that subsequent NAS PDU transmission is expected in the message.

Referring o step 1102, after receiving DOWNLINK NAS TRANSPORT message(s) sent by the CN, the
eNB-CU-CP may decide to vse SDT transmission {or the UE. The gNB-CU-CP sends a F1 paging micssage to the gNB-DU
to inform the DU to page the corresponding UE for the SDT transmission, including SDT information in the message. The
eNB-CU-CP may decide the items of the SDT information. The gNB-CU-CP may include a SDT indicator when it decides
to use SDT transmission; the gNB-CU-CP may tonclade a single packet indicator when only one NAS PDU is nceded to be
transmitted to the UE; and/or the gNB-CU-CP pay include a multiple~-packet indicator when multiple NAS PDUs are
needed 1o be transmitted to the UE.

There may be two options {or alternatives) for the gNB-DIU to communicate the SDT information o the UE:
Option 1, the gNB-DU includes the SDT 1nformation in a paging early indication (PEI message; and Option 2, the

#NB-DU includes the SDT information in an RRC paging nwessage.

Regarding Option | (1110), in step 1103a.1, after recetving an Fl paging message, the gNB-DU sends a PEI
message 1o the UE before paging the UE, including SDT information in the PET message to indicate the SDT transmission.
The SDT information includes at least one of the following items: an SDT indicator to indicate that SDT transmission is
expected, a single packet indicator to indicate that no subsequent SDT transmission is expected; a multiple-packet indicator
to indicate that subsequent SDT transmission is expected. In some implementations, the SDT information here may not
need to contain all of the SDT mformation received from the gNB-CU, for example, it may contain only part of the
received information, such as only contains the SDT indicator. Instep 1103a.2, the gNB-DU sends an RRC paging message

to the UE to page the corresponding UE.

Regarding Option 2 (1120), in step 1103b, the gNB-DU sends an RRC paging message to the UE to page the
corresponding UE for SDT transmission, including SDT information in the message. The SDT information includes at least
ong of the following iterns: an SDT indicator to indicate that SDT transmission is expected; a single packet indicator to
indicate that no subscquent SDT transmission is expected; a multiple-packet indicator to indicate that subsequent SDT
transmission is expected. In some implementations, the SDT mformation here may not need to contain all of the SDT
information received from the gNB-CU, for example, it may costain only pact of the received information, such as ooly

contains the SDT indicator.

In some implementations, afier recoiving the RRC paging message, when the UE receives the SDT
information from the RRC paging message/or PEI message, the UE may decide to resume UE with inactive state for SDT

{ransmission.
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In some implerentations, when the UE is confignred with the reserved cell group (CG) resource and the UE
recetves an nudiiple-packets indicator in the SDT information, the UE may prefer to use the reserved CG resources for
SDT data transmission; and/or when the UE receives a single packet indicator in the SDT information, the UE may prefer

to use random-access channel (RACH) resources for SDT data transmission.

Refernng to step 1104, the UE sends a RRC resume request message to the gNB-DU, including the SDT
mndicator {o indicate that 3DT transmission is expected in the message to request resuming UE with inactive state for SDT
transmission .

Refernng to step 1103, the UE is resuming at the gNB with the RRC inactive state, and transmitiing/receiving

subsequent SD'F data between the UE and the gNB via a RACH or CG resource.

VHI Bmbodiments for transmitting DL SDT triggered by CN via user plang

F1G. 12 shows a non-limiting exemplary example for initiating and transmiiting a downlink (DL) SDTF
triggered by a CN via user plane (UP). Referring to step 1200, a UE 1291 is connecting with an RAN with an RRC tnactive
made (i.e., the UE is in a RRC inactive state). The RAN may include one or more gNB-DU 1292, one or nore

eWNB-CU-CP 1293, and one or more gNB-CU-UP 1294, connecting to a core network (CN, 1295),

Referring o step 1201, the gNB-CU-CP can send an RRC inactive fransition seport message to the {N (o

indicate that the UE is in RRC inactive state. therefore, the ON is aware of the UE being i RRC inactive state.

Referring to step 1202, when DL data arrives for the UE 1n RRC inactive state at the CN, the CN decides to
use SDT transmission when the arrived data volume 1s less than (or no larger than) the configured threshold, the CN sends
the NG-U packet to the gNB-CU-UP, including SDT information in the header of the first NG-U packet to request
respming UE for SDT transmission. The SDT information includes at least one of the following ttems: an SDT indicator to
indicate that SDT transmission is expected; a single packet indicator to 1ndicate that no subsequent SDT transmission is

expected, a multiple-packet indicator to indicate that subsequent SDT transmission is expected.

In some tmplomentations, the CN may decide the items of the SDT information. The CN may inchide the
SDT indicator when it decides to use SDT {ransmission; the CN may nclude a single packet indicator when only one
packet needed to transmitted to UE; and/or the CN ouay include a maultiple-packet indicator when nualtiple packets needed

to transmiited to the UE.

Referring to step 1203, after the gNB-CU-UP receives the SDT information in the NG-U packet header, the
gNB-CU-UP sends a DL DATA NOTIFICATION message to the gNB-CU-CP to inform DL data arriving, including SDT
information ia the message o request resuming UE for SDT transmission. The SDT information includes at least one of the
following items: an SDT indicator to indicate that SDT transmission is expected; a single packet indicator to indicate that
no subsequent SDT transmission is expected; a nultiple-packet indicator to indicate that subsequent SDT transmission is
expected. In some implementations, the SDT information here may not need to contain all of the SDT information received

from the CN, for example, it may contain ondy part of the received indorniation, such as only contains the SDT indicator,

Optionally in some implementations, the gNB-CU-UP may include some received SDT data (PDCP PDU(s)
for the bearer(s) configured with SDT) into the DL DATA NOTIFICATION message.

Referring fo step 1204, after receiving the DL DATA NOTIFICATION message(s) sent by the CN, when
SDT information is present in the DL DATA NOTIFICATION nessage, the gNB-CU-CP sends an FI paging message to
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the gNB-DU to inform the DU to page the corresponding UE for SDT transmission, including SD'T information in the

message. The SDT information includes at least one of the following tlems: an SDT indicator to indicate that SDT
transmission is expected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a
multiple~-packet indicator to indicate that subsequent SDT transmission 15 expected. In some implementations, the SDT
information here may not need to contain all of the SDT infommation recetved from the gNB-CU-UP, for example, it may

contain ouly part of the received information, such as only contains the SDT indicator,

Optionally in some tmplementations, the gNB-CU-UP may inchyde some SDT data (PDCP PDU(s) for the
bearer(s) configured with SDT) received from the giNB-CU-UP via the DL DATA NOTIFICATION message into the F1

paging message.

There may be two options {or alternatives) for the gNB-DU to commmunicate the SDT information to the UE:
Option 1, the gNB-DU 1ncludes the SDT information in a paging eatly indication (PEF} message; and Option 2, the

eNB-DU includes the SDT information in an RRC paging message.

Regarding Option 1 {1210), in step 1205a.1, after receiving an F1 paging message, the gNB-DU sends a PEI
message 1o the UE before paging the UE, including SDT information in the PET message to indicate the SDT transmission.
The SDT information includes at least one of the following items: an SDT indicator to indicate that SD¥T transmission is
cxpected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a multiple~-packet indicator
to inddicate that subsequent SDT transmission is expected. In some implerentations, the SDT information here may not
need to contain all of the SDT information received from the gNB-CU, for example, it may contain only part of the
received information, such as only contains the SDT indicator. In step 12032a.2, the gNB-DU sends an RRC paging message

to the UE to page the comresponding UE.

Regarding Option 2 (1220), in step 1205b, the gNB-DU sends an RRC paging message to the UE 1o page the
corresponding UE for SD'T tragsmission, incloding SD'T iofoomation in the message. The SDT iformation includes at least
one of the following itoms: an SDT indicator to indicate that SDT transmission is expected; a single packet indicator to
indicate that no subsequent SDT transmission 15 expected; a munltiple-packet indicator to indicate that subsequent SDT
transmission is expected. In some implementations, the SDT information here may not need 1o contain all of the SDT
information received from the gNB-CU, for example, it may contain only part of the received information, such as only

containg the SDT indicator.

In some implementations, after receiving the RRC paging message, when the UE receives the SDT
information from the RRC paging message/or PEI message, the UE may decide 1o resume UE with inactive state for SDT

LranSImission.

In some implementations, when the UE is configured with the reserved cell group (CG) resource and the UE
receives an multiple-packets indicator in the SDT information, the UE may prefer to use the reserved CG resources for
SDT data trapsmission; and/or when the UE receives a single packet jodicator in the SDIT information, the UE may prefer

to use random-access channel (RACH) resources for SDT data transmission.

Referring o step 1206, the UE sends a RRC resume request message to the gNB-DU, including the SDT
indicator to indicate that SDT transmission is expected in the message to request resuming UE with inactive state for SDT

{ransmission .
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Referring to step 1207, the UE is resuming at the gNB with the RRC inactive state, and transnutting/receiving

subsequent SDT data between the UE and the gNB via a RACH or CG resouice.

S N N e o L

FIG. 13 shows a non-limiting exemplary example for initiating and transmitting a dowalink (DL} 3DT
triggered by a CN via a control plane (CP). Referring to step 1300, a UE 1391 1s connecting with an RAN with an RRC
inactive mode (i.c., the UE is in a RRC inactive state). The RAN may include onc or more gNB-DU 1392, one or more

gNB-CU-CP 1393, and one or more gNB-CU-UP 1394, connecting 10 a core network (CN, 1395).

Referrng to step 1301, the gNB-CU-CP can send an RRC inactive transition report message to the CN (o

indicate that the UE is in RRC inactive staie, therefore, the CN is aware of the UE being in RRC inactive state.

Referdng to step 1302, when DU data arrives for the UE in RRC inactive state at the CN, the ON decide to
use SDT transmission when the arnved data volume 15 less than {or no larger than) the configured threshold, the CIN sends
a NG application protocol (NAGP) message, e.g., an SDBT DATA NOTIFICATION, to the gNB-CU-CP to inform DL SDT
data arriving, including SDT information in the message to request resuming UE for SDT trapsmission. The SDT
information includes at least one of the following items: an 5DT indicator fo indicate that SDT transmiission is expected; a
single packet indicator to indicate that no sebsequent SDT transmission is expected; a malupic-packet indicator to indicate
that subsequent SDT transmission is expected. In some 1implementations, the CN may decide the items of the SDT
information. The ON may include the SDT indicator when it decides to use SDT transmission; the CN may include a single
packet indicator when only one packet needed to transmitted to UE; and/or the ON may inchude a multiple-packet indicator

when multiple packets needed to transmitted to the UE.

Referring to step 1303, when there are owiltiple packets needed 1o be transmitted to the UE, the CN may send

the subscquent SDT data via one or more NG-UJ packet to the gNB-CH-UP.

Referring to step 1304, after the gNB-CU-UP receiving the NG-U packet sent by ON, gNB-CU-UP sends a
DL DATA NOTIFICATION message to the gNB-CU-CP to notify that there are data arrived for the UE.

Referring to step 1305, after receiving the DL DATA NOTIFICATION message(s) sent by the CN, when
SDT information is present in the DL DATA NOTIFICATION message, the gNB-CU-CP sends an Fi paging message to
the gNB-DU to inform the DU to page the corresponding UE for SDT transnussion, including SDT information in the
message. The SDT information includes at least one of the following items: an 3DT indicator to indicate that SDT
transmission is expected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a
multiple-packet indicator to indicate that subsequent SDT transmission is expected. In some implementations, the SDT
information here may oot need to contain all of the SDT information received from the ON, for example, it may comain

only part of the received information, such as only contains the SDT indicator.

There may be two options {or alternatives) for the gNB-DU to communicate the SDT information to the UE:
Option 1, the gNB-DU includes the SDT mformation in a paging early indication (PEI) message; and Option 2, the

¢NB-DU includes the SDT information in an RRC paging message.

Regarding Option 1 (1310), in step 1306a.1, after receiving an F1 paging message, the gNB-DU sends a PEI
message to the UT before paging the UE, 1ocludiog SDT information in the PEI message to indicate the SD'T transmission

The SDT information includes at least one of the following items: an SDT indicator to indicate that SDT transnussion is
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expected; a single packet indicator to indicate that no subsequent SDT transmission is expected; a multiple-packet indicator
to indicate that subsequent SDT transmission is expected. In some implementations, the SDT information here may not
need to contain all of the SDT information received from the gNB-CU, for example, it may contain only part of the
received information, such as only contains the SDT indicator. In step 1306a.2, the gNB-~DU sends an RRC paging message

to the UE 1o page the corresponding UE.

Regarding Option 2 (1320), in step 1306b, the gNB-DU soends an RRC paging message to the UE to page the
corresponding UE for SDT wransmission, including SDT infornation in the message. The SDT infonmation includes at least
one of the following itemns: an SDT indicator to indicate that SDT transmission is expected; a single packet indicator to
indicate that no subsequent SDT transmission is expected; a mudtiple-packet indicator to indicate that subscquent SDT
fransmission 1s expected. In some implementations, the SDT information here may 00t need to condain all of the SDT
information received from the gNB-CU, for example, it may countain only part of the received information, such as only

contains the SDT imdicator.

In some implementations, after receiving the RRC paging message, when the UE receives the SDT
information from the RRC paging message/or PEI message, the UE may decide to resume UE with inactive state for SDT

transmission.

In sorae implementations, when the UE is configured with the reserved cell group (CG) resource and the UE
receives an mpliple-packets indicator in the SDT information, the UE may prefer to use the reserved CG resources for
SDIT data transmission; and/or when the UE receives a single packet indicator in the SDT information, the UE may prafer

to use random-access channel (RACH) resources for SDT data transmission

Referring to step 1307, the UE sends a2 RRC resume request message to the gNB-DU, including the SDT
indicator to indicate that SD¥T (ransmission is expected in the message (o request resaming UE with tnactive state for SDT

transmission .

Referring to step 1308, the UE is reswuning at the gNB with the RRC inactive state, and fransmifting/receiving

subsequent SDT data between the UE and the gNB via a RACH or CG resource.

The present disclosure describes methods, apparatus, and computer-readable medium for wireless
communication. The present disclosure addressed the issues with configunng small data transmission. The methods,
devices, and computer-readable medinm described 1n the present disclosure may facilitate the performance of wireless
communication by configuring small data transmission, thus improving cfficiency and overall pedormance. The methods,
devices, and compuier-readable medium described in the present disclosure may improves the overall efficiency of the

witeless comumunication systems.

Reference thioughout this specification to features, advantages, or simiar language does not imply that all of
the features and advaniages that may be realized with the present solution should be or are included in any single
implementation thereof. Rather, language referring 1o the features and advantages is understood to mean that a specific
feature, advantage, or characteristic descubed in connection with an embodiment is included in at least one embodiment of
the present sofution. Thus, discussions of the features and advantages, and similar language, throughout the specification

may, but do not necessarily, refer to the same embodiment.

Furthermore, the described features, advantages and charactenstics of the present solation may be combined

in any suitable manner in one or more embodiments. One of ordinary skill in the relevant art will recognize, in light of the
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description herein, that the present solution can be practiced without one or more of the specitic features or advantages of a

particular ernbodiment. In other instances, additional featares and advantages may be recognized in certain embodiments

that may oot be present 1o all embodiments of the present solation.
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- z
CLAIMS
1. A method for wircless conumunication, compnsing:
performing, by a first nctwork node, a small data transmission (SDT) transmission (o a user equipment (UE) by

sendhing, by the first network node, a paging message to a second network node, the paging ressage

configured to request the second network sode to page the UE for the SDT transaission, wherein:
the paging message comprises SDT information, and

the second network node pages the UE according to the SDT iofornmation.

2. The method according to claim 1, wherein:

the first network node is a control umit of a base station {(gNB-CU) and the second network pode is a distributed unit of

the base station (gNB-DL); or

the first network node is a first ghB and the second network node is a second gNB.

3. The method according to any one of claims | to 2, wherein:
the first network node is the gNB-CLJ;

a control plane entity of the giNB-CU (gNB-CU-CP) sends a message to a user plane entity of the gNB-CU

{gNB-CU-UP}, the message comprising a SD'T trigger parameter; and

the SDT tngger parameter coraprises at least one of the following: a data volame threshold for the UE, a data volume
threshold for a protocol data unit (PDU) session, or a data volume threshold for a bearer configured with the SDT

LranSImission.

4. The method according to any one of claims 1 to 2, wherein:
the first network node is the gNB-CU;

in response fo receiving downlink (D1) data, a gNB~CU-UP determines, according to a SDT trigger parameter,

whether to use the SDT transmission to transmit the recerved DL data; and

in response to the gNB-CU-UP's determuning to use the SDT transmission to transmit the received DL data, the
eNB-CU-UP sends a message to a gB-CU-CP o notify arrival of the DL data, the message comprising SDT information
indicating the SDT transnussion expected and/or SDT data, wherein the SDT data comprises at least one portion of the

recetved DL data for transmutting to the UE.
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5. The method according to claim 4, wherein the gNB-CU-UP determines, according to the SDT tnigger parameter,

whether t0 use the SDT transmission to transmit the received DL data by at least one of the following:

10 response {o the SDT tngger parameter comprising a data volume threshold for the UE and a data volure of the
recetved DL data of all bearers configured with SDT for the UE being no larger than the data volume threshold for the UE,

the ghB-CU-UP deternuines to use the SDT transnussion to transmit the reccived DL data;

in response to the SDT trigger parameter comprising a data volume threshold for a PDU session and a data volume of
the received DL data of all bearers configured with SDT for the PDU session being no larger than the data volure
threshold for the PDU session, the gNB-CU-UP determines to use the SDT transmission 1o transmit the recetved DL data;

or

in response to the SDT trigger parameter comprising a data volume threshold for a bearer and a data volume of the
received DL data for the bearer being no larger than the data volume threshold for the bearer, the gNB-CU-UP determines

to use the SDT transmission to transmit the received DL data.

6. The method according to any one of claims 1 to 2, wherein:

the paging message comaprises SDT data, wherein the SDT data comprises at least one portion of recetved DU data for

fransmitting to the UE.

7. The method according to any onc of claims 1 1o 2, wherein before the second network pages the UE according to the

SOT information:

10 response 1o receiving the paging message, the second network node sends a paging carly indication (PEY) message

to the UE, the PEI message compnses the SDT woformation indicating the SDT transmission.

8. The method according to any one of ¢laims 1 1o 2, wherein the second network node pages the UE according to the

SDT mformation by:

the second network node sends a radio resource control (RRC) paging message to the UE, the RRC paging message

comprising the SDT information indicating the SDT transmission.

9. The method according to any one of claims 1 to 2, wherein:

10 response 1o receiving a RRC paging message from the sccond network node, the UE sends a RRC resume request
message to the second setwork pode, the RRC resume request message comprising a SDT indicator to request resuming the

UE in an inactive state for the SDT transmission.
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10. The method according to any one of claims | to 2, wherein:

a core network (CN) sends a message to the first network node for requesting to transfer a non-access stratum (NAS)
PDU o the UE, the message comprising one of a single NAS PDU indicator indicating that no subsequent NAS PDU
transmission is expected or a multiple NAS PDU indicator indicating that at least one subsequent NAS PDU transmission is

cxpected.

11, The method according to claim 10, wherein:

the message comprises a downlink NAS transport message.

12. The method according to any one of claims | o 2, wherein:
the first network node is the gNB-CH; and

the gNB-CU-CP determines whether to relocate a UE context to a neighbour gNB according to the SDT information

recetved from the gNB-CU-UP by:

10 response 1o the UE subsequently resuming at the neighbour gNB and the SDT infonmation comprising a

muitiple-packet indicator, the gNB-CU-CP determines to relocate the UE context to the neighbour gNB.

13. The method according to any of claims 1 to 12, wherein:
the SDT information comprises at Jeast one of the following:
a 3DT 1odicator indicating that the SD'T transmission is expected,;
a single-packet indicator indicating that no subsequent SDT transmission 1s expected; or

a roultiple-packets indicator indicating that at least one subsequent SDT transmission is expected.

14. A wireless communications apparatus conprising a processor and a merory, whereia the processor 1s configured to

read code from the memorv and implement a method recited in any of claims 1 10 13,

15. A computer program product comprising a computer-readable program medium code stored thercupon, the
computer-readable program medinm code, when excouted by a processor, causing the processor to implement a method

recited 1p any of claiows 1 o 3.
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sending, by the first network node, a paging message o a second network node, the

paging message configured to request the second network node to page the Uk for

the SDT transmission, wherein the paging message comprises SDT information, and
the second network node pages the UE according fo the SDT information

41

FIG. 4A

450 1

receiving, by the second network node, a paging message from a first network node,

the paging message configured fo request the second network node to page the Uk

for the SDT transmission, wherein the paging message comprises SDT information,
and the second network node pages the UE according to the SDT information

460

FIG. 4B
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