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Description
Title of Invention: METHODS AND APPAR
ATUSES OF MRO IN AN LTM PROCEDURE
TECHNICAL FIELD

The present disclosure relates to wireless communications, and more
specifically to methods and apparatuses of a mobility robustness opt
imization (MRO) mechanism for a L1/L.2-Triggered Mobility (LTM) cell swit
ch procedure, including an LTM primary secondary cell group cell (PS
Cell) switch procedure or an LTM primary cell (PCell) switch procedure.

BACKGROUND

A wireless communications system may include one or multiple network
communication devices, such as base stations, which may support wir
eless communications for one or multiple user communication devices,
which may be otherwise known as user equipment (UE) , or other suit
able terminology. The wireless communications system may support wir
eless communications with one or multiple user communication devices
by utilizing resources of the wireless communication system (e.g. time-
domain resources (e.g. symbols, slots, subframes, frames, or the like) or frequency-
domain resources (e.g. subcarriers, carriers, or the like) . Additionally, the wirele
$s communications system may support wireless communications across
various radio access technologies including third generation (3G) radio access techno
logy, fourth generation (4G) radio access technology, fifth generation (5G) radio acc
ess technology, among other suitable radio access technologies beyond 5G (e.g. sixth

generation (6G) ) .
SUMMARY

An article "a" before an element is unrestricted and understood to refer to "at least

"o

one" of those elements or "one or more" of those elements. The terms "a, " "at least

one, " "one or more, "and "at least one of one or more" may be interchangeable. As u
sed herein, including in the claims, "or" as used in a list of items (e.g. a list of

items prefaced by a phrase such as "at least one of” or "one or more of" or "one or b
oth of" ) indicates an inclusive list such that, for example, a list of at least one

of A, B, or Cmeans A or B or C or AB or AC or BC or ABC (i.e., A an

d B and C) . Also, as used herein, the phrase "based on" shall not be construed as a
reference to a closed set of conditions. For example, an example step that is describ

ed as "based on condition A" may be based on both a condition A and
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a condition B without departing from the scope of the present disclosure. In other wo
rds, as used herein, the phrase "based on" shall be construed in the same manner as t
he phrase "based at least in part on. Further, as used herein, including in the claim
s, a "set” may include one or more elements.
In a secondary cell group (SCG) LTM procedure or an LTM PSCell switc
h procedure from a source PSCell to a target PSCell in a dual connectivity scenario,
a node which generates an RRC Reconfiguration message for the SCG LT
M/LTM PSCell switch procedure or determines to initiate SCG LTM conf
iguration may be a MN or an SN or a CU of the MN or a CU of the SN,
furthermore, the SN may be a node which manages the serving PSCell o
r source PSCell (e.g. a source SN) , or the SN may be a node which manages the target
PSCell for LTM (e.g. a target SN) .
Some implementations of the present disclosure provide a secondary n
ode (SN) . The SN includes at least one memory; and at least one processor coupled to
the at least one memory and configured to cause the SN to: in response to an occurre
nce of a failure associated with a L1/L.2-Triggered Mobility (LTM) primary s
econdary cell group cell (PSCell) switch procedure from a source PSCell to a target P
SCell of a user equipment (UE) , obtain failure information related to the LTM PSCell
switch procedure, wherein the failure includes at least one of a secondary cell grou
p (SCG) LTM execution failure or an SCG failure.
In some implementations of the SN described herein, the processor is
configured to cause the SN to perform one of the following, or wherein the SN includ
es a centralized unit (CU) and the CU is configured to perform one of the following:
receiving information of a failure type of the failure from a master node (MN) , wher
ein the failure type is detected by the MN; or detecting the failure type of the failure.
In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to verify the failure type aft
er receiving the information of the failure type of the failure from the MN.
In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to: if the failure type is cor
rect, transmit, to the MN, first information indicating that the failure type detecte
d by the MN is correct; or if the failure type is wrong, transmit, to the MN, second
information indicating that the failure type detected by the MN is wrong.
In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) , the CU is configured to transmit at least o
ne of the following to the at least one DU: the failure information related to the LT
M PSCell switch procedure; the information of the failure type of the failure receive
d from the MN; or the information of the failure type of the failure detected by the CU.
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In some implementations of the SN described herein, the at least one
DU is configured to: detect the failure type of the failure; or verify the failure t
ype detected by the MN or by the CU.
In some implementations of the SN described herein, the at least one
DU is configured to: transmit, to the CU, the failure type of the failure detected b
y the at least one DU; or if the failure type detected by the MN or by the CU is corr
ect, transmit information indicating that the failure type detected by the MN or by t
he CU is correct to the CU; or if the failure type detected by the MN or by the CU is
wrong, transmit information indicating that the failure type detected by the MN or b
y the CU is wrong to the CU.
In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to indicate the failure type d
etected by the SN or the CU, or the failure type verified by the SN or the CU, or the
failure type detected by the at least one DU, or the failure type verified by the at
least one DU to the MN.
In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to transmit at least one of th
e following to the MN: information indicating that the failure type detected by the M
N is wrong; or information indicating that the failure type detected by the MN is right.
In some implementations of the SN described herein, the failure type includes at leas
t one of the following: a first failure type which is defined as Too Late SCG LTM, wh
erein the UE has received configuration information for the LTM PSCe
11 switch procedure, but the SCG failure occurs after the UE has stayed for a time pe
riod in the source PSCell or occurs before an LTM PSCell switch comm
and for the LTM PSCell switch procedure is triggered to the UE, and a suitable PSCell
different from the source PSCell is found based on layer-1 (L1) or layer-
3 (L3) measurement results reported from the UE; a second failure type which is defin
ed as Too Early SCG L'TM, wherein the SCG failure occurs shortly afte
r a successful completion of LTM PSCell switch from the source PSCell to the target P
SCell or the SCG LTM execution failure occurs, and the source PSCell is the suitable
PSCell based on the L1 or L3 measurement results reported from the UE; or a third fai
lure type which is defined as SCG LTM to wrong PSCell, wherein the S
CG failure occurs shortly after the successful completion of the LTM PSCell switch fr
om the source PSCell to the target PSCell or the SCG LTM execution f
ailure occurs, and the suitable PSCell different from the source PSCell and the targe
t PSCell is found based on the L1 or L3 measurement results reported from the UE.
In some implementations of the SN described herein, the processor is

configured to cause the SN to or the CU is configured to: in response to the occurre
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nce of the failure, receive information of a suitable PSCell or select the suitable P
SCell.

In some implementations of the SN described herein, the suitable PSCell is selected b
y an MN, and the information of the suitable PSCell is received from the MN.

In some implementations of the SN described herein, the SN includes
a centralized unit (CU) and at least one distributed unit (DU) , and the CU is config
ured to transmit the information of the suitable PSCell to the at least one DU.

In some implementations of the SN described herein, the suitable PSCell is selected b
y the SN or the CU.

In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) , the suitable PSCell is selected by the at 1
east one DU, and the information of the suitable PSCell is received by the CU from th
e at least one DU.

In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to transmit the information of
the suitable PSCell to an MN.

In some implementations of the SN described herein, the failure type further includes
at least one of the following: a fourth failure type in which a suitable PSCell sele
cted in response to the occurrence of the failure is not one of a first set of LTM ca
ndidate PSCells provided by a CU of the SN to at least one DU of the SN; a fifth fail
ure type in which the suitable PSCell is one of the first set of LTM candidate PSCell
s, but not one of a second set of LTM candidate PSCells selected by the at least one
DU; or a sixth failure type in which the suitable PSCell is one of the second set of
LTM candidate PSCells.

In some implementations of the SN described herein, the processor is
configured to cause the SN to or the CU is configured to detect whether the failure
type is one of the fourth failure type, the fifth failure type, and the sixth failure type.

In some implementations of the SN described herein, if the failure type is the fourth
failure type, the processor is configured to cause the SN to or the CU is configured
to determine that the first set of LTM candidate PSCells provided by the SN or the C
U is improper.

In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) , and wherein the processor is configured to
cause the SN to or the CU is configured to transmit, to the MN or the at least one DU
, Information indicating that the first set of LTM candidate PSCells provided by the
SN or the CU is improper.

In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) , and if the failure type is the fifth failur
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e type, the CU is configured to: detect that one or more wrong LTM candidate PSCells
are selected by the at least one DU; or transmit, to the at least one DU, third infor
mation indicating that the one or more wrong LTM candidate PSCells a
re selected by the at least one DU.

In some implementations of the SN described herein, the at least one

DU is configured to verify the failure type or whether the one or m

ore wrong LTM candidate PSCells are selected by the at least one DU.

In some implementations of the SN described herein, the at least one

DU is configured to transmit one of the following to the CU: information indicating

that the CU made a right detection regarding the third information; information indic
ating that the CU made a wrong detection regarding the third information; or informat
ion of the failure type detected or verified by the at least one DU.

In some implementations of the SN described herein, the processor is

configured to cause the SN to or the CU is configured to transmit the information of
the failure type detected or verified by the at least one DU to an MN.

In some implementations of the SN described herein, if the failure type is the sixth
failure type, the CU is configured to: detect that a wrong LTM target PSCell is selec
ted by a source DU of the SN; or transmit, to the source DU, fourth information indic
ating that the wrong LTM target PSCell is selected by the source DU.

In some implementations of the SN described herein, the source DU is

configured to verify the failure type or whether the wrong LTM target PSCell is sele
cted by the source DU.

In some implementations of the SN described herein, the source DU is

configured to transmit one of the following to the CU: information indicating that t
he CU made a right detection regarding the fourth information; information indicating
that the CU made a wrong detection regarding the fourth information; or information
of the failure type detected or verified by the source DU.

In some implementations of the SN described herein, the processor is

configured to cause the SN to or the CU is configured to transmit the information of
the failure type detected or verified by the source DU to an MN.

In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) ; wherein the CU is configured to transmit, t
o the at least one DU, at least one of the failure information or the information of
the suitable PSCell; and wherein the at least one DU is configured to detect the fail
ure type.

In some implementations of the SN described herein, if the failure type is the fourth

failure type, the at least one DU is configured to: detect that the first set of LTM
candidate PSCells provided by the CU is improper; or transmit, to the CU, fifth info
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rmation indicating that the first set of LTM candidate PSCells provided by the CU is
improper.

In some implementations of the SN described herein, if the failure type is the fifth
failure type, the at least one DU is configured to: detect that one or more wrong LTM

candidate PSCells are selected by the at least one DU; or transmit, to the CU, sixth
information indicating that the one or more wrong LTM candidate PSC
ells are selected by the at least one DU.

In some implementations of the SN described herein, if the failure type is the sixth
failure type, a source DU is configured to: detect that a wrong LTM target PSCell is
selected by the source DU; or transmit, to the CU, seventh information indicating tha
t the wrong LTM target PSCell is selected by the source DU.

In some implementations of the SN described herein, the processor is

configured to cause the SN to or the CU is configured to transmit the fifth informat
ion, the sixth information, or the seventh information to an MN.

In some implementations of the SN described herein, the SN includes
a centralized unit (CU) , to obtain the failure information, the processor is configu
red to cause the SN to or the CU is configured to derive the failure information by i
tself or to receive the failure information which is stored or transmitted by the UE,

wherein the failure information includes at least one of the following: information
regarding the source PSCell; information regarding a PSCell where th

e failure happens; information regarding a selected beam in the target PSCell; inform
ation regarding one or more neighbour cells; L1 or L3 measurement re

sults of the source PSCell; L1 or L3 measurement results of the PSCell where the fail
ure happens; L1 or L3 measurement results of the neighbour cells; information indicat
ing whether a neighbour cell included in L1 or L3 measurement result

s is an LTM candidate PSCell; information indicating that the failure happens in the
LTM PSCell switch procedure; information regarding at least one LTM

candidate PSCell configured for the LTM PSCell switch procedure; cell configuration i
nformation for the at least one LTM candidate PSCell; a set of channel state informat
ion (CSI) resources for the LTM PSCell switch procedure; a reference configuration fo
r the LTM PSCell switch procedure; time elapsed between reception of

an LTM PSCell switch command and reception of a latest RRC reconfig

uration message for the LTM PSCell switch procedure; time elapsed be

tween the reception of the LTM PSCell switch command and the occurre

nce of the failure; time elapsed between the occurrence of the failure and the failur

e information is transmitted by the UE; a time alignment (TA) value for a random acce
ss channel (RACH) -less SCG LTM; or a TA value derived in an early RAC

H procedure for early TA acquisition.
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In some implementations of the SN described herein, the SN also incl
udes at least one distributed unit (DU) , and the CU is configured to transmit the fa
ilure information to the at least one DU after obtaining the failure information.

In some implementations of the SN described herein, the SN includes
a centralized unit (CU) and at least one distributed unit (DU) , and wherein the proc
essor is configured to cause the SN to or the CU is configured to detect whether a pi
ng-pong event occurs, and wherein for the ping-pong event, after a successful com
pletion of LTM PSCell switch from a first PSCell to a second PSCell, the UE is switch
ed back to the first PSCell within a predefined time period or the UE successfully pe
rforms another LTM PSCell switch from the second PSCell back to the first PSCell.

In some implementations of the SN described herein, the CU is config
ured to transmit, to the at least one DU, information indicating an occurrence of the
ping-pong event.

In some implementations of the SN described herein, the ping-pong event is det
ected based on: history information of the UE; time duration between receiving two LT
M cell change notification messages for a same PSCell; or time duration between recei
ving two access success messages for a same PSCell.

In some implementations of the SN described herein, the at least one
DU of the SN is at least one of the following: a source DU; a target DU; or at least
one candidate target DU.

Some implementations of the present disclosure provide a processor {
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to: in response to an occurrence of a
failure associated with a L.1/L2-Triggered Mobility (LTM) primary secondary cell gro
up cell (PSCell) switch procedure from a source PSCell to a target PSCell of a user e
quipment (UE) , obtain failure information related to the LTM PSCell

switch procedure, wherein the failure includes at least one of a secondary cell grou
p (SCG) LTM execution failure or an SCG failure.

Some implementations of the present disclosure provide a method perf

ormed by a secondary node (SN) . The method includes: in response to

an occurrence of a failure associated with a L1/L2-Triggered Mobilit

y (LTM) primary secondary cell group cell (PSCell) switch procedure

from a source PSCell to a target PSCell of a user equipment (UE) , obtaining failure
information related to the LTM PSCell switch procedure, wherein the failure includes
at least one of a secondary cell group (SCG) LTM execution failure or an SCG failure.

Some implementations of the present disclosure provide a secondary n
ode (SN) . The SN includes at least one memory; and at least one processor coupled to

the at least one memory and configured to cause the SN to receive or transmit physic
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al random access channel (PRACH) configuration information for early
timing advance (TA) acquisition-triggered random access (RA) procedure from or to a
master node (MN) .
Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to receive or transmit physical rando
m access channel (PRACH) configuration information for early timing
advance (TA) acquisition-triggered random access (RA) procedure from or to a
master node (MN) .
Some implementations of the present disclosure provide a method perf
ormed by a secondary node (SN) . The method includes: receiving or t
ransmitting physical random access channel (PRACH) configuration inf
ormation for early timing advance (TA) acquisition-triggered random
access (RA) procedure from or to a master node (MN) .
Some implementations of the present disclosure provide a secondary n
ode (SN) . The SN includes at least one memory; and at least one processor coupled to

the at least one memory and configured to cause the SN to receive a random access (R
A) report from a user equipment (UE) or a master node (MN) , wherein

the RA report includes at least one of the following: early random access channel (R
ACH) procedure related information; RACH-less L1/L2-Triggered Mobilit
y (LTM) related information; or RACH related information for early t
iming advance (TA) acquisition.

Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to: receive a random

access (RA) report from a user equipment (UE) or a master node (MN)

, wherein the RA report includes at least one of the following: early random access
channel (RACH) procedure related information; RACH-less L1/L2-Triggered Mobilit
y (LTM) related information; or RACH related information for early t
iming advance (TA) acquisition.

Some implementations of the present disclosure provide a method perf
ormed by a secondary node (SN) . The method includes: receiving a ra
ndom access (RA) report from a user equipment (UE) or a master node
(MN) , wherein the RA report includes at least one of the following: early random acc
ess channel (RACH) procedure related information; RACH-less L1/L.2-
Triggered Mobility (LTM) related information; or RACH related inform

ation for early timing advance (TA) acquisition.
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Some implementations of the present disclosure provide a master node
(MN) . The MN includes at least one memory; and at least one processor coupled to th
e at least one memory and configured to cause the MN to: in response to an occurrence
of a failure associated with a L1/L.2-Triggered Mobility (LTM) primary s
econdary cell group cell (PSCell) switch procedure from a source PSC
ell to a target PSCell of a user equipment (UE) , perform at least one of the followi
ng: receiving failure information related to the LTM PSCell switch procedure from the
UE; or obtaining information of a failure type of the failure, wherein the failure i
ncludes at least one of a secondary cell group (SCG) LTM execution f
ailure or an SCG failure.

In some implementations of the MN described herein, the processor is
configured to cause the MN to transmit the failure information to the SN.

In some implementations of the MN described herein, the failure info
rmation includes at least one of the following: information regarding the source PSCe
11; information regarding a PSCell where the failure happens; information regarding a
selected beam in the target PSCell; information regarding one or more neighbour cell
s; L1 or L3 measurement results of the source PSCell; L1 or L3 measu
rement results of the PSCell where the failure happens; L1 or L3 measurement results
of the neighbour cells; information indicating whether a neighbour cell included in L
1 or L3 measurement results is an LTM candidate PSCell; information
indicating that the failure happens in the LTM PSCell switch procedure; information r
egarding at least one LTM candidate PSCell configured for the LTM PS
Cell switch procedure; cell configuration information for the at least one LTM candid
ate PSCell; a set of channel state information (CSI) resources for the LTM PSCell swi
tch procedure; a reference configuration for the LTM PSCell switch procedure; time el
apsed between reception of an LTM PSCell switch command and receptio
n of a latest RRC reconfiguration message for the LTM PSCell switch
procedure; time elapsed between the reception of the LTM PSCell swit
ch command and the occurrence of the failure; time elapsed between the occurrence of
the failure and the failure information is transmitted by the UE; a time alignment (T
A) value for a random access channel (RACH) -less SCG LTM; or a TA value derive
d in an early RACH procedure for early TA acquisition.

In some implementations of the MN described herein, to obtain the in
formation of the failure type of the failure, the processor is configured to cause th
e MN to perform at least one of the following: detecting the failure type; receiving
the information of the failure type from the SN; or transmitting the information of t
he failure type detected by the MN to the SN.
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In some implementations of the MN described herein, the processor is
configured to cause the MN to receive one of the following from the SN: information
indicating that the failure type detected by the MN is correct; information indicatin
g that the failure type detected by the MN is wrong; information indicating the failu
re type detected by the SN; or information indicating the failure type verified by th
e SN.

In some implementations of the MN described herein, the failure type includes at leas
t one of the following: a first failure type which is defined as Too Late SCG LTM, wh
erein the UE has received configuration information for the LTM PSCe
11 switch procedure, but the SCG failure occurs after the UE has stayed for a time pe
riod in the source PSCell or occurs before an LTM PSCell switch comm
and for the LTM PSCell switch procedure is triggered to the UE, and a suitable PSCell
different from the source PSCell is found based on layer-1 (L1) or layer-
3 (L3) measurement results reported from the UE; a second failure type which is defin
ed as Too Early SCG L'TM, wherein the SCG failure occurs shortly afte
r a successful completion of LTM PSCell switch from the source PSCell to the target P
SCell or the SCG LTM execution failure occurs, and the source PSCell is the suitable
PSCell based on the L1 or L3 measurement results reported from the UE; or a third fai
lure type which is defined as SCG LTM to wrong PSCell, wherein the S
CG failure occurs shortly after the successful completion of the LTM PSCell switch fr
om the source PSCell to the target PSCell or the SCG LTM execution f
ailure occurs, and the suitable PSCell different from the source PSCell and the targe
t PSCell is found based on the L1 or L3 measurement results reported from the UE.

In some implementations of the MN described herein, the processor is
configured to cause the MN to: in response to the occurrence of the failure, select
a suitable PSCell; and transmit information of the suitable PSCell to the SN.

In some implementations of the MN described herein, the MN includes
a centralized unit (CU) and at least one distributed unit (DU) , the CU or the at lea
st one DU is configured to select the suitable PSCell.

In some implementations of the MN described herein, the processor is
configured to cause the MN to receive information of a suitable PSCell from the SN,
and the suitable PSCell is selected by the SN.

In some implementations of the MN described herein, in response to t
he occurrence of the failure, the failure type includes at least one of the following
: a fourth failure type in which a suitable PSCell selected in response to the occurr
ence of the failure is not one of a first set of LTM candidate PSCells provided by a
CU of the SN to at least one DU of the SN; a fifth failure type in which the suitable
PSCell is one of the first set of LTM candidate PSCells, but not one of a second set
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of LTM candidate PSCells selected by the at least one DU of the SN; or a sixth failu
re type in which the suitable PSCell is one of the second set of LTM candidate PSCell
.
In some implementations of the MN described herein, the processor is
configured to cause the MN to receive one of the following from the
SN: information indicating that the first set of LTM candidate PSCells provided by t
he SN or the CU of the SN is improper; information indicating that the one or more wr
ong LTM candidate PSCells are selected by the SN or the at least one DU of the SN; in
formation indicating that the wrong LTM target PSCell is selected by the SN or the so
urce DU of the SN; information of the failure type detected or verified by the at lea
st one DU of the SN; information of the failure type detected or verified by the sour
ce DU of the SN; or information of the failure type detected or verified by the SN.
Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to: in response to an occurrence of a
failure associated with a L1/L.2-Triggered Mobility (LTM) primary secondary cell gro
up cell (PSCell) switch procedure from a source PSCell to a target PSCell of a user e
quipment (UE) , perform at least one of the following: receiving failure information
related to the LTM PSCell switch procedure from the UE; or obtaining
information of a failure type of the failure, wherein the failure includes at least
one of a secondary cell group (SCG) LTM execution failure or an SCG failure.
Some implementations of the present disclosure provide a method perf
ormed by a master node (MN) . The method includes: in response to an
occurrence of a failure associated with a L1/L2-Triggered Mobility (LTM) primary s
econdary cell group cell (PSCell) switch procedure from a source PSCell to a target P
SCell of a user equipment (UE) , performing at least one of the following: receiving
failure information related to the LTM PSCell switch procedure from the UE; or obtain
ing information of a failure type of the failure, wherein the failure includes at lea
st one of a secondary cell group (SCG) LTM execution failure or an SCG failure.
Some implementations of the present disclosure provide a master node
(MN) . The MN includes at least one memory; and at least one processor coupled to th
e at least one memory and configured to cause the MN to: transmit or receive physical
random access channel (PRACH) configuration information for early t
iming advance (TA) acquisition-triggered random access (RA) procedure to or from a
secondary node (SN) .
Some implementations of the present disclosure provide a processor {
or wireless communication, comprising at least one controller coupled with at least o

ne memory and configured to cause the processor to: transmit or receive physical rand
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om access channel (PRACH) configuration information for early timing
advance (TA) acquisition-triggered random access (RA) procedure to or from a
secondary node (SN) .
Some implementations of the present disclosure provide a method perf
ormed by a master node (MN) . The method includes: transmitting or r
eceiving physical random access channel (PRACH) configuration inform
ation for early timing advance (TA) acquisition-triggered random access (RA) proce
dure to or from a source secondary node (SN) .
Some implementations of the present disclosure provide a master node
(MN) . The MN includes at least one memory; and at least one processor coupled to th
e at least one memory and configured to cause the MN to perform at least one of the f
ollowing: receiving a random access (RA) report from a user equipment (UE) ; or trans
mitting the RA report to a source secondary node (SN) , wherein the RA report include
s at least one of the following: early random access channel (RACH) procedure related
information; RACH-less L1/L.2-Triggered Mobility (LTM) related information; or RA
CH related information for early timing advance (TA) acquisition.
Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to perform at least one of the follow
ing: receiving a random access (RA) report from a user equipment (UE) ; or transmit t
he RA report to a source secondary node (SN) , wherein the RA report includes at leas
t one of the following: early random access channel (RACH) procedure
related information; RACH-less L1/L.2-Triggered Mobility (LTM) related i
nformation; or RACH related information for early timing advance (TA) acquisition.
Some implementations of the present disclosure provide a method perf
ormed by a master node (MN) . The method includes at least one of th
e following: receiving a random access (RA) report from a user equipment (UE) ; or tr
ansmitting the RA report to a source secondary node (SN) , wherein the RA report incl
udes at least one of the following: early random access channel (RACH) procedure rela
ted information; RACH-less L1/L.2-Triggered Mobility (LTM) related i
nformation; or RACH related information for early timing advance (TA) acquisition.
Some implementations of the present disclosure provide a user equipm
ent (UE) . The UE includes at least one memory; and at least one processor coupled to
the at least one memory and configured to cause the UE to: in response to an occurre
nce of a failure associated with a L1/L.2-Triggered Mobility (LTM) primary s
econdary cell group cell (PSCell) switch procedure from a source PSCell to a target P
SCell of the UE, store failure information related to the LTM PSCell switch procedure
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, wherein the failure includes at least one of a secondary cell group (SCG) LTM execu
tion failure or an SCG failure; and transmit the failure information.

In some implementations of the UE described herein, the failure info
rmation includes at least one of the following: information regarding the source PSCe
1I; information regarding a PSCell where the failure happens; information regarding a
selected beam in the target PSCell; information regarding one or more neighbour cell
s; L1 or L3 measurement results of the source PSCell; L1 or L3 measu
rement results of the PSCell where the failure happens; L1 or L3 measurement results
of the neighbour cells; information indicating whether a neighbour cell included in L.
1 or L3 measurement results is an LTM candidate PSCell; information
indicating that the failure happens in the LTM PSCell switch procedure; information r
egarding at least one LTM candidate PSCell configured for the LTM PS
Cell switch procedure; cell configuration information for the at least one LTM candid
ate PSCell; a set of channel state information (CSI) resources for the LTM PSCell swi
tch procedure; a reference configuration for the LTM PSCell switch procedure; time el
apsed between reception of an LTM PSCell switch command and receptio
n of a latest RRC reconfiguration message for the LTM PSCell switch
procedure; time elapsed between the reception of the LTM PSCell swit
ch command and the occurrence of the failure; time elapsed between the occurrence of
the failure and the failure information is transmitted by the UE; a time alignment (T
A) value for a random access channel (RACH) -less SCG LTM; or a TA value derive
d in an early RACH procedure for early TA acquisition.

Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to: in response to an occurrence of a
failure associated with a L1/L.2-Triggered Mobility (LTM) primary secondary cell gro
up cell (PSCell) switch procedure from a source PSCell to a target PSCell of the UE,
store failure information related to the LTM PSCell switch procedure, wherein the fai
lure includes at least one of a secondary cell group (SCG) LTM execution failure or a
n SCG failure; and transmit the failure information.

Some implementations of the present disclosure provide a method perf
ormed by a user equipment (UE) . The method includes: in response to
an occurrence of a failure associated with a L1/L2-Triggered Mobilit
y (LTM) primary secondary cell group cell (PSCell) switch procedure
from a source PSCell to a target PSCell of the UE, storing failure information relate
d to the LTM PSCell switch procedure, wherein the failure includes at least one of a
secondary cell group (SCG) LTM execution failure or an SCG failure;

and transmitting the failure information.
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Some implementations of the present disclosure provide a user equipm
ent (UE) . The UE includes at least one memory; and at least one processor coupled to
the at least one memory and configured to cause the UE to store or transmit a random
access (RA) report, wherein the RA report includes at least one of the following: ea
rly random access channel (RACH) procedure related information; RACH-less L1/
L2-Triggered Mobility (LTM) related information; or RACH related inform
ation for early timing advance (TA) acquisition.

Some implementations of the present disclosure provide a processor f
or wireless communication, comprising at least one controller coupled with at least o
ne memory and configured to cause the processor to store or transmit a random access
(RA) report, wherein the RA report includes at least one of the following: early rand
om access channel (RACH) procedure related information; RACH-less L1/
L2-Triggered Mobility (LTM) related information; or RACH related inform
ation for early timing advance (TA) acquisition.

Some implementations of the present disclosure provide a method perf
ormed by a user equipment (UE) . The method includes: storing or transmitting a rando
m access (RA) report, wherein the RA report includes at least one of the following: e
arly random access channel (RACH) procedure related information; RACH-
less L1/L.2-Triggered Mobility (LTM) related information; or RACH related inform

ation for early timing advance (TA) acquisition.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an example of a wireless communications system
in accordance with aspects of the present disclosure.

Figure 2 illustrates an example of a user equipment (UE) 200 in acco
rdance with aspects of the present disclosure.

Figure 3 illustrates an example of a processor 300 in accordance with aspects of the
present disclosure.

Figure 4 illustrates an example of a network equipment (NE) 400 in a
ccordance with aspects of the present disclosure.

Figure 5A illustrates a schematic diagram of an intra-CU intra-DU mobility scena
rio in accordance with aspects of the present disclosure.

Figure 5B illustrates a schematic diagram of an intra-CU inter-DU mobility scena
rio in accordance with aspects of the present disclosure.

Figure 5C illustrates a schematic diagram of an inter-CU mobility scena
rio in accordance with aspects of the present disclosure.

Figure 6 illustrates a schematic diagram of an inter-DU intra-CU LTM procedure

for intra-NR in accordance with aspects of the present disclosure.
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Figure 7 illustrates a flowchart of a method related to an LTM PSCel

1 switch procedure in accordance with aspects of the present disclosure.

DETAILED DESCRIPTION

In general, when a UE moves from one cell to another cell, at some p
oint a serving cell change needs to be performed. In the legacy, the serving cell cha
nge is done by explicit RRC reconfiguration signalling (e.g. a hando
ver (HO) command) to trigger the synchronization of a target cell based on .3 measure
ments report. It leads to longer latency, larger overhead, and longer interruption ti
me than beam level mobility. Therefore, in 3GPP, LTM was approved to
change a serving cell via L1/L2 signalling, in order to reduce the latency, overhead
and interruption time.
LTM is a procedure in which a BS receives L1 measurement report (s)
from a UE, and on their basis the BS changes UE’s serving cell by a
cell switch command signaled via a medium access control (MAC) contr
ol element (CE) , e.g. LTM cell switch MAC CE or LTM Command MAC CE.
The cell switch command indicates an LTM target cell e.g. an LTM ca
ndidate cell configuration that the BS previously prepared and provided to the UE thr
ough RRC signalling. Then the UE switches to the LTM target cell according to the cel
1 switch command. The LTM procedure can be used to reduce the mobility latency.
In some cases, subsequent LTM may be supported. Subsequent LTM means
subsequent LTM cell switch procedures between LTM candidate cells w
here the UE does not need to be reconfigured by the network in between.
A supervision timer can be used to detect failure of LTM execution o
r LTM cell switch procedure, wherein LTM procedure fails if the LTM
supervision timer expires, upon which the UE initiates an RRC connection re-
establishment procedure. For example, legacy T304 timer is used as the supervision ti
mer to supervision the LTM cell switch procedure.
"LTM candidate PSCell" refers to a candidate PSCell configured to th
e UE for SCG LTM or LTM PSCell switch. There may be multiple LTM can
didate PSCells prepared for the UE, where the LTM candidate PSCells
may belong to the same or different candidate DUs of the CU of the S
N. The SN may be a source SN or a target SN or a candidate target SN
. A source SN is a node which manages a source PSCell, a target SN i
s a node which manages an LTM target PSCell, and a candidate target
SN is a node which manages one or more LTM candidate PSCells.
"L'TM candidate PSCell configuration” refers to a configuration assoc
iated with an L'TM candidate PSCell. An LTM candidate PSCell configur
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ation can be a complete LTM candidate PSCcell configuration or a del
ta (difference) configuration with respect to an LTM reference configuration. Each LT
M candidate PSCell configuration is identified by an index, called as LTM candidate P
SCell configuration index, LTM candidate configuration index, or other names. In one
example, the LTM candidate PSCell configuration index is LTM-Candidateld, whic
h is used to identity an LTM candidate PSCell configuration.

"L'TM Reference Configuration" refers to a configuration provided by
the network to the UE that is common to all the configured LTM candidate PSCells. It
is used by the UE to generate a complete LTM candidate PSCell configuration (i.e., by
applying an LTM candidate PSCell configuration on top of an LTM ref
erence configuration) .

"Complete LTM Candidate PSCell Configuration" refers to a configurat
ion that contains all the necessary fields needed to perform an LTM PSCell switch pro
cedure. This configuration can be an LTM candidate PSCell configuration itself or be
generated by applying an LTM candidate PSCcell configuration on top
of an LTM reference configuration.

SCG LTM or LTM PSCell switch in a dual connectivity scenario is a PS
Cell switch procedure that the network triggers via a MAC CE based o
n L1 measurements. In 3GPP Rel-18, intra-SN SCG LTM without MN involvement
is supported. In later 3GPP release, intra-SN SCG LTM with MN involvement and
/or inter-SN SCG LTM may also be supported. The potential applicable scenarios
of SCG LTM or LTM PSCell switch include "intra-CU intra-DU LTM, " "intra-
CU inter-DU LTM, " and "inter-CU LTM" as shown in Figures SA-5C as described b
elow.

(1) Intra-CU intra-DU mobility: a UE moves between different cells wit
hin a DU of SN (e.g. in case of intra-SN SCG LTM with or without MN invo
Ivement, the SN is a source SN) .

(2) Intra-CU inter-DU mobility: a UE moves between different cells bel
onging to different DUs of SN (e.g. in case of intra-SN SCG LTM with o
r without MN involvement, the SN is a source SN) but within a same C
U of SN (e.g. in case of intra-SN SCG LTM with or without MN involvement, the SN i
s a source SN) .

(3) Inter-CU mobility: a UE moves between different cells belonging to differe
nt DUs different CUSs.

In general, a purpose of an SCG failure information procedure is to inform E-
UTRAN or NR MN about an SCG failure the UE has experienced, i.e., an
SCG radio link failure, a failure of SCG reconfiguration with sync, an SCG configura

tion failure for an RRC message on signalling radio bearer (SRB) 3, an SCG integrity
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check failure, and a consistent uplink listen-before-talk (LBT) failures on PSCell for
operation with shared spectrum channel access. Failure type, measurement result (s) i
n MCG, and/or measurement result (s) in SCG can be included in an SC

G failure information message. After the network receives the SCG failure information
message, it can trigger the UE to perform an SN release or modification or change pr
ocedure. The following information (e.g. SCG failure related information) can be incl
uded in the SCG failure information message in case of an SCG failure: cell informati
on of previous PSCell; cell information of failed PSCell; time SCG failure which indi
cates the time elapsed since the last execution of RRC Reconfiguration with reconfigu
rationWithSync for the SCG until the SCG failure; RA-Information; and/

or failure type. The cell information may include global cell identity, tracking area
code of the cell, and/or, physical cell identifier (PCI) and carrier frequency infor
mation.

One of the functions of self-optimization for PSCell change is to detect PSCell
change failures that occur due to Too late PSCell change or Too early PSCell change,
or Triggering PSCell change to wrong PSCell. These problems may be d
efined as follows:

- Too late PSCell change: an SCG failure occurs after the UE has stay
ed for a long period of time in the PSCell; a suitable different PSCell is found base
d on the measurements reported from the UE.

- Too early PSCell change: an SCG failure occurs shortly after a succ
essful PSCell change from a source PSCell to a target PSCell or a PSCell change failu
re occurs during the PSCell change procedure; source PSCell is still the suitable PSC
ell based on the measurements reported from the UE.

- Triggering PSCell change to wrong PSCell: an SCG failure occurs sho
rtly after a successful PSCell change from a source PSCell to a target PSCell or a PS
Cell change failure occurs during the PSCell change procedure; a suitable PSCell diff
erent with source PSCell or target PSCell is found based on the measurements reported
from the UE.

In the definition above, the "successful PSCell change" refers to the UE state, namel
y the successful completion of the RA procedure.

One objective for mobility enhancements in 3GPP Rel-18 is to specify
an SCG LTM procedure in a dual connectivity scenario (i.e. a PSCell
switch procedure triggered by a network via a MAC CE based on L1 mea
surement result (s) ) . In an SCG LTM or LTM PSCell switch procedure
, an SCG LTM execution failure or an LTM PSCell switch failure or an

SCG failure may happen. To improve mobility robustness, following i
ssues regarding an MRO mechanism for an LTM PSCell switch or SCG LTM
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procedure need to be considered, including, e.g., how to define failure types for an
LTM PSCell switch when an LTM PSCell switch failure or an SCG LTM e
xecution failure or an SCG failure happens, and how to define a ping-
pong event when a subsequent LTM PSCell switch is supported, what in
formation reported from a UE is needed for the network to perform MR
O optimization for LTM PSCell switch related configurations, how the
network performs a MRO detection or analysis, e.g. signalling excha
nge between an MN and an SN, as well as signalling exchange between
relevant CU and relevant DU (s) , and how to enhance an RA report fo
r an LTM PSCell switch procedure.

Currently, details regarding an MRO mechanism for a failure in an LT
M PSCell switch or SCG LTM procedure have not been discussed yet. Em
bodiments of the present disclosure aim to resolve the abovementione
d issues. Some embodiments of the present application define failure type definition
(s) for an LTM PSCell switch in case that an LTM failure recovery me
chanism is applied upon a connection failure (e.g. an SCG LTM execution failure or an
SCG failure) happens.

Some embodiments of the present disclosure study an MRO mechanism fo
r an LTM PSCell switch or an SCG L'TM procedure. More specifically, i
n some embodiments of the present disclosure, when an SCG failure ha
ppens due to an LTM PSCell switch, MN or a CU of an MN may select a
suitable PSCell; or, DU (s) of the MN may select the suitable PSCell e.g. based on op
tional request from the CU of the MN, and then, the DU (s) of the MN
may indicate the selected suitable PSCell to the CU of the MN. The
CU of the MN may indicate the information of suitable PSCell to an S
N or the CU of the SN, and the SN may be a source SN or a target SN
or a candidate target SN. Then, the CU of the SN may indicate the information of suit
able PSCell to DU (s) of the SN. Or, the CU of the SN may select a suitable PSCell; o
r, the DU (s) of the SN may select the suitable PSCell e.g. based on optional request
from the CU of the SN, and then the DU (s) of the SN may indicate the information of
the suitable PSCell to the CU of the SN. The information of the suitable PSCell may
be a cell ID of the suitable PSCell, which may include a global cell identity, a trac
king area code of the cell, and/or, a physical cell identifier (PCI) and carrier freq
uency information. The DU of the SN may be a source DU or a target D
U or a candidate target DU. A source DU is a node which manages a so
urce PSCell, a target DU is a node which manages an LTM target PSCel
1, and a candidate target DU is a node which manages an L'TM candidate PSCell.
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Some embodiments of the present disclosure define failure type definitions for Too la
te SCG LTM, Too early SCG LTM or SCG LTM to wrong PSCell. Also, if s
ubsequent PSCell switch procedures are executed, some embodiments of

the present disclosure define the problem of ping-pong in subsequent SCG LTM/
LTM PSCell switch procedures.

In some embodiments of the present disclosure, to enable MRO analysi
s and optimization for an SCG failure due to an SCG LTM/LTM PSCell s
witch, a UE may store or report SCG L'TM related failure information
to an MN or a CU of the MN (e.g. including an indication concerning that SCG failure
due to LTM PSCell switch, list of LTM candidate PSCell (s) , LTM PSC
ell switch related time info and etc. ) . Then, the MN or the CU of the MN may send t
he SCG LTM related failure information to an SN or the CU of the SN.

Then, the CU of the SN may send the SCG LTM related failure information to at least
one DU of the SN (e.g. a source DU of the SN and/or target DU and/or at least one can
didate target DU of the SN) . The SN may be a source SN or a target SN or a candidate

target SN.

In some embodiments of the present disclosure, to avoid a RACH Colli
sion, PRACH configuration (s) for early TA acquisition-triggered RA proc
edure may be exchanged over an Xn interface or F1 interface. To assist the network to

optimize RACH related configuration for an MCG LTM or an SCG LTM, a
n RA report needs to be enhanced to include LTM related information,

e.g. early RACH procedure for early TA acquisition related information, or RACH-
less LTM related information.

In some embodiments of the present disclosure, for MRO detection or
analysis for LTM PSCell switch, there may be following operations:

- a CU of an SN detects and indicates occurrence of ping-pong in subsequen
t LTM PSCell switch procedures to its corresponding DU (e.g. a source DU or a target
DU or at least a candidate target DU) , and the SN may be a source SN or a target SN
or a candidate target SN;

- a CU of an MN or the MN detects and indicates the failure type of T
oo late SCG LTM, Too early SCG L'TM, or SCG LTM to wrong PSCell to th
e CU of the SN, optionally the CU or the DU (s) of the SN may further verify whether
it is the MN or MN’s CU detected problem, and the SN may be a source

SN or a target SN or a candidate target SN;

- the CU of the SN detects and indicates the failure type of Too late

SCG LTM, Too early SCG LTM, or SCG LTM to wrong PSCell to correspon
ding DU (s) ; optionally, the DU (s) of the SN may further verify whether it is the S
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N or the SN’s CU detected problem, the SN may be a source SN or a ta
rget SN or a candidate target SN;
- furthermore, the SN or the CU of the SN may detect whether it is im
proper LTM candidate PSCell (s) provided by the SN or the CU of the
SN, or wrong LTM candidate PSCell (s) selected by the (candidate) ta
rget DU of the SN, or wrong L'TM target PSCell selected at the source
DU of the SN, the SN may be a source SN or a target SN or a candidate target SN, and
then, the CU of the SN may indicate the detected problem to the corresponding DU (s)
of the SN; optionally, the corresponding DU (s) may further verify whether it is the
CU detected problem; or
- the CU of the SN may forward SCG LTM related failure information to
the corresponding DU (s) of the SN, the SN may be a source SN or a target SN or a ca
ndidate target SN, and then the corresponding DU (s) detects and indicates the proble
m to the CU of the SN.
More details of the embodiments of the present disclosure will be illustrated in the
following text in combination with the appended drawings.
Figure 1 illustrates an example of a wireless communications system
100 in accordance with aspects of the present disclosure. The wireless communications
system 100 may include one or more NE 102, one or more UE 104, and
a core network (CN) 106. The wireless communications system 100 may
support various radio access technologies. In some implementations,
the wireless communications system 100 may be a 4G network, such as
an LTE network or an LTE-Advanced (LTE-A) network. In some other implemen
tations, the wireless communications system 100 may be a NR network,
such as a 5G network, a 5G-Advanced (5G-A) network, or a 5G ultrawideband
(5G-UWB) network. In other implementations, the wireless communications
system 100 may be a combination of a 4G network and a 5G network, or
other suitable radio access technology including Institute of Electrical and Electro
nics Engineers (IEEE) 802.11 (Wi-Fi) , IEEE 802.16 (WiMAX) , IEEE 8
02.20. The wireless communications system 100 may support radio acce
ss technologies beyond 5G, for example, 6G. Additionally, the wirele
ss communications system 100 may support technologies, such as time
division multiple access (TDMA) , frequency division multiple access
(FDMA) , or code division multiple access (CDMA) , etc.
The one or more NE 102 may be dispersed throughout a geographic regi
on to form the wireless communications system 100. One or more of th
e NE 102 described herein may be or include or may be referred to as a network node,

a base station, a network element, a network function, a network entity, a radio acce
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ss network (RAN) , a NodeB, an eNodeB (eNB) , a next-generation NodeB
(gNB) , or other suitable terminology. An NE 102 and a UE 104 may co
mmunicate via a communication link, which may be a wireless or wired
connection. For example, an NE 102 and a UE 104 may perform wireles
s communication (e.g. receive signaling, transmit signaling) over a Uu interface.

An NE 102 may provide a geographic coverage area for which the NE 10
2 may support services for one or more UEs 104 within the geographic
coverage area. For example, an NE 102 and a UE 104 may support wire
less communication of signals related to services (e.g. voice, video, packet data, me
ssaging, broadcast, etc. ) according to one or multiple radio access technologies. In
some implementations, an NE 102 may be moveable, for example, a sat
ellite associated with a non-terrestrial network (NTN) . In some implementations
, different geographic coverage areas 112 associated with the same or different radio
access technologies may overlap, but the different geographic coverage areas may be
associated with different NE 102.

The one or more UE 104 may be dispersed throughout a geographic regi
on of the wireless communications system 100. A UE 104 may include o
r may be referred to as a remote unit, a mobile device, a wireless device, a remote d
evice, a subscriber device, a transmitter device, a receiver device, or some other su
itable terminology. In some implementations, the UE 104 may be referred to as a unit,
a station, a terminal, or a client, among other examples. Additionally, or alternati
vely, the UE 104 may be referred to as an Internet-of-Things (IoT) device, an Internet-
of-Everything (IoE) device, or machine-type communication (MTC) device, a
mong other examples.

A UE 104 may be able to support wireless communication directly with
other UEs 104 over a communication link. For example, a UE 104 may
support wireless communication directly with another UE 104 over a device-to-
device (D2D) communication link. In some implementations, such as vehicle-
to-vehicle (V2V) deployments, vehicle-to-everything (V2X) deployments, or ¢
ellular-V2X deployments, the communication link 114 may be referred to as a
sidelink. For example, a UE 104 may support wireless communication d
irectly with another UE 104 over a PCS interface.

An NE 102 may support communications with the CN 106, or with anothe
r NE 102, or both. For example, an NE 102 may interface with other N
E 102 or the CN 106 through one or more backhaul links (e.g. S1, N2,
N2, or network interface) . In some implementations, the NE 102 may
communicate with each other directly. In some other implementations

, the NE 102 may communicate with each other or indirectly (e.g. via the CN 106. In s
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ome implementations, one or more NE 102 may include subcomponents, s
uch as an access network entity, which may be an example of an access node controller
(ANC) . An ANC may communicate with the one or more UEs 104 through
one or more other access network transmission entities, which may be referred to as
a radio heads, smart radio heads, or transmission-reception points (TRPs) .

The CN 106 may support user authentication, access authorization, tr
acking, connectivity, and other access, routing, or mobility functions. The CN 106 ma
y be an evolved packet core (EPC) , or a 5G core (5GC) , which may i
nclude a control plane entity that manages access and mobility (e.g. a mobility manag
ement entity (MME) , an access and mobility management functions (AM
F) ) and a user plane entity that routes packets or interconnects to external network
s (e.g. a serving gateway (S-GW) , a Packet Data Network (PDN) gateway (P-
GW) , or a user plane function (UPF) ) . In some implementations, the control plane e
ntity may manage non-access stratum (NAS) functions, such as mobility, a
uthentication, and bearer management (e.g. data bearers, signal bearers, etc. ) for t
he one or more UEs 104 served by the one or more NE 102 associated w
ith the CN 106.

The CN 106 may communicate with a packet data network over one or mo
re backhaul links (e.g. via an S1, N2, N2, or another network interface) . The packet
data network may include an application server. In some implementat
ions, one or more UEs 104 may communicate with the application serve
r. A UE 104 may establish a session (e.g. a protocol data unit (PDU) session, or the
like) with the CN 106 via an NE 102. The CN 106 may route traffic (e.g. control infor
mation, data, and the like) between the UE 104 and the application server using the e
stablished session (e.g. the established PDU session) . The PDU session may be an exa
mple of a logical connection between the UE 104 and the CN 106 (e.g.
one or more network functions of the CN 106) .

In the wireless communications system 100, the NEs 102 and the UEs 1
04 may use resources of the wireless communications system 100 (e.g. time resources (
e.g. symbols, slots, subframes, frames, or the like) or frequency resources (e.g. sub
carriers, carriers) ) to perform various operations (e.g. wireless communications) .
In some implementations, the NEs 102 and the UEs 104 may support dif
ferent resource structures. For example, the NEs 102 and the UEs 104 may support diff
erent frame structures. In some implementations, such as in 4G, the NEs 102 and the U
Es 104 may support a single frame structure. In some other implementations, such as i
n 5G and among other suitable radio access technologies, the NEs 102

and the UEs 104 may support various frame structures (i.e., multiple frame structure
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s) . The NEs 102 and the UEs 104 may support various frame structure
s based on one or more numerologies.

One or more numerologies may be supported in the wireless communicat
ions system 100, and a numerology may include a subcarrier spacing a
nd a cyclic prefix. A first numerology (e.g. u=0) may be associated with a first subc
arrier spacing (e.g. 15 kHz) and a normal cyclic prefix. In some implementations, the
first numerology (e.g. u=0) associated with the first subcarrier spacing (e.g. 15 kH
z) may utilize one slot per subframe. A second numerology (e.g. u=1) may be associate
d with a second subcarrier spacing (e.g. 30 kHz) and a normal cyclic prefix. A third
numerology (e.g. u=2) may be associated with a third subcarrier spacing (e.g. 60 kHz)
and a normal cyclic prefix or an extended cyclic prefix. A fourth numerology (e.g. u
=3) may be associated with a fourth subcarrier spacing (e.g. 120 kHz) and a normal cy
clic prefix. A fifth numerology (e.g. p=4) may be associated with a fifth subcarrier
spacing (e.g. 240 kHz) and a normal cyclic prefix.

A time interval of a resource (e.g. a communication resource) may be
organized according to frames (also referred to as radio frames) . Each frame may ha
ve a duration, for example, a 10 millisecond (ms) duration. In some implementations,
each frame may include multiple subframes. For example, each frame m
ay include 10 subframes, and each subframe may have a duration, for
example, a 1 ms duration. In some implementations, each frame may ha
ve the same duration. In some implementations, each subframe of a fr
ame may have the same duration.

Additionally or alternatively, a time interval of a resource (e.g. a communication re
source) may be organized according to slots. For example, a subframe
may include a number (e.g. quantity) of slots. The number of slots in each subframe
may also depend on the one or more numerologies supported in the wir
eless communications system 100. For instance, the first, second, third, fourth, and
fifth numerologies (i.e., u=0, u=1, u=2, p=3, u=4) associated with respective subcarr
ier spacings of 15 kHz, 30 kHz, 60 kHz, 120 kHz, and 240 kHz may utilize a single slo
t per subframe, two slots per subframe, four slots per subframe, eight slots per subf
rame, and 16 slots per subframe, respectively. Each slot may include a number (e.g. q
uantity) of symbols (e.g. OFDM symbols) . In some implementations, t
he number (e.g. quantity) of slots for a subframe may depend on a numerology. For a n
ormal cyclic prefix, a slot may include 14 symbols. For an extended cyclic prefix (e.
g. applicable for 60 kHz subcarrier spacing) , a slot may include 12 symbols. The rel
ationship between the number of symbols per slot, the number of slots per subframe, a
nd the number of slots per frame for a normal cyclic prefix and an extended cyclic pr

efix may depend on a numerology. It should be understood that reference to a first nu
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merology (e.g. u=0) associated with a first subcarrier spacing (e.g. 15 kHz) may be u
sed interchangeably between subframes and slots.
In the wireless communications system 100, an electromagnetic (EM) s
pectrum may be split, based on frequency or wavelength, into various
classes, frequency bands, frequency channels, etc. By way of example, the wireless ¢
ommunications system 100 may support one or multiple operating frequ
ency bands, such as frequency range designations FR1 (410 MHz -7.125
GHz) , FR2 (24.25 GHz -52.6 GHz) , FR3 (7.125 GHz -24.25 GHz) , FR4
(52.6 GHz -114.25 GHz) , FR4a or FR4-1 (52.6 GHz —71 GHz) , and FRS5 (11
4.25 GHz -300 GHz) . In some implementations, the NEs 102 and the UE
s 104 may perform wireless communications over one or more of the op
erating frequency bands. In some implementations, FR1 may be used by
the NEs 102 and the UEs 104, among other equipment or devices for ¢
ellular communications traffic (e.g. control information, data) . In some implementat
ions, FR2 may be used by the NEs 102 and the UEs 104, among other eq
uipment or devices for short-range, high data rate capabilities.
FR1 may be associated with one or multiple numerologies (e.g. at lea
st three numerologies) . For example, FR1 may be associated with a first numerology (
e.g. u=0) , which includes 15 kHz subcarrier spacing; a second numerology (e.g. u=1)
, which includes 30 kHz subcarrier spacing; and a third numerology (e.g. u=2) , which
includes 60 kHz subcarrier spacing. FR2 may be associated with one
or multiple numerologies (e.g. at least 2 numerologies) . For example, FR2 may be ass
ociated with a third numerology (e.g. u=2) , which includes 60 kHz subcarrier spacing
; and a fourth numerology (e.g. u=3) , which includes 120 kHz subcarrier spacing.
Figure 2 illustrates an example of a UE 200 in accordance with aspects of the present
disclosure. The UE 200 may include a processor 202, a memory 204, a controller 206,
and a transceiver 208. The processor 202, the memory 204, the controller 206, or the
transceiver 208, or various combinations thereof or various components thereof may be
examples of means for performing various aspects of the present disclosure as descri
bed herein. These components may be coupled (e.g. operatively, commu
nicatively, functionally, electronically, electrically) via one or more interfaces.
The processor 202, the memory 204, the controller 206, or the transceiver 208, or var
ious combinations or components thereof may be implemented in hardwa
re (e.g. circuitry) . The hardware may include a processor, a digital signal processo
r (DSP) , an application-specific integrated circuit (ASIC) , or other progr
ammable logic device, or any combination thereof configured as or ot
herwise supporting a means for performing the functions described in the present disc

losure.
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The processor 202 may include an intelligent hardware device (e.g. a general-
purpose processor, a DSP, a CPU, an ASIC, an FPGA, or any combinatio
n thereof) . In some implementations, the processor 202 may be configured to operate
the memory 204. In some other implementations, the memory 204 may be
integrated into the processor 202. The processor 202 may be configured to execute co
mputer-readable instructions stored in the memory 204 to cause the UE 200 t
o perform various functions of the present disclosure.

The memory 204 may include volatile or non-volatile memory. The memory 204 ma
y store computer-readable, computer-executable code including instruct
ions when executed by the processor 202 cause the UE 200 to perform
various functions described herein. The code may be stored in a non-transitory comput
er-readable medium such the memory 204 or another type of memory. Compu
ter-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transf
er of a computer program from one place to another. A non-transitory storag
e medium may be any available medium that may be accessed by a general-
purpose or special-purpose computer.

In some implementations, the processor 202 and the memory 204 couple
d with the processor 202 may be configured to cause the UE 200 to pe
rform one or more of the functions described herein (e.g. executing, by the processor
202, instructions stored in the memory 204) . For example, the processor 202 may sup
port wireless communication at the UE 200 in accordance with example
s as disclosed with respect to Figure 7. For example, in in response to an occurrence
of a failure associated with an LTM PSCell switch procedure from a source PSCell to
a target PSCell of the UE 200, the UE 200 may be configured to support means for stor
ing failure information related to the LTM PSCell switch procedure and means for tran
smitting the failure information, wherein the failure includes at least one of an SCG
LTM execution failure or an SCG failure.

For example, the processor 202 may support wireless communication at
the UE 200, and, the UE 200 may be configured to support means for
storing or transmitting an RA report, wherein the RA report includes at least one of
the following: early RACH procedure related information; RACH-less LTM related
information; or RACH related information for early TA acquisition.

The controller 206 may manage input and output signals for the UE 20
0. The controller 206 may also manage peripherals not integrated into the UE 200. In
some implementations, the controller 206 may utilize an operating system such as
i0S®, ANDROID®, WINDOWS®, or other operating systems. In som
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e implementations, the controller 206 may be implemented as part of the processor 202

In some implementations, the UE 200 may include at least one transce
iver 208. In some other implementations, the UE 200 may have more th
an one transceiver 208. The transceiver 208 may represent a wireless transceiver. The

transceiver 208 may include one or more receiver chains 210, one or more transmitter
chains 212, or a combination thereof. The means for receiving above

mentioned in the processor 202 or the means for transmitting in the processor 202 may
be implemented via at least one transceiver 208.

A receiver chain 210 may be configured to receive signals (e.g. control information,
data, packets) over a wireless medium. For example, the receiver chain 210 may includ
e one or more antennas for receive the signal over the air or wireless medium. The re
ceiver chain 210 may include at least one amplifier (e.g. a low-noise amplifier (

LNA) ) configured to amplify the received signal. The receiver chain 210 may include
at least one demodulator configured to demodulate the receive signal and obtain the t
ransmitted data by reversing the modulation technique applied during transmission of
the signal. The receiver chain 210 may include at least one decoder for decoding the
processing the demodulated signal to receive the transmitted data.

A transmitter chain 212 may be configured to generate and transmit s
ignals (e.g. control information, data, packets) . The transmitter chain 212 may incl
ude at least one modulator for modulating data onto a carrier signal, preparing the s
ignal for transmission over a wireless medium. The at least one modulator may be conf
igured to support one or more techniques such as amplitude modulatio
n (AM), frequency modulation (FM) , or digital modulation schemes like phase-
shift keying (PSK) or quadrature amplitude modulation (QAM) . The tr
ansmitter chain 212 may also include at least one power amplifier configured to ampli
fy the modulated signal to an appropriate power level suitable for transmission over
the wireless medium. The transmitter chain 212 may also include one
or more antennas for transmitting the amplified signal into the air or wireless medium.

Figure 3 illustrates an example of a processor 300 in accordance with aspects of the
present disclosure. The processor 300 may be an example of a process
or configured to perform various operations in accordance with examp
les as described herein. The processor 300 may include a controller 302 configured to

perform various operations in accordance with examples as described herein. The proc
essor 300 may optionally include at least one memory 304, which may

be, for example, an L.1/L.2/LL.3 cache. Additionally, or alternatively, the processor 300
may optionally include one or more arithmetic-logic units (ALUs) 306. One or mor

e of these components may be in electronic communication or otherwis
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e coupled (e.g. operatively, communicatively, functionally, electronically, electrica
lly) via one or more interfaces (e.g. buses) .

The processor 300 may be a processor chipset and include a protocol stack (e.g. a sof
tware stack) executed by the processor chipset to perform various operations (e.g. re
ceiving, obtaining, retrieving, transmitting, outputting, forwarding, storing, determ
ining, identifying, accessing, writing, reading) in accordance with examples as descr
ibed herein. The processor chipset may include one or more cores, one or more caches
(e.g. memory local to or included in the processor chipset (e.g. the processor 300) o
r other memory (e.g. random access memory (RAM) , read-only memory (ROM)

, dynamic RAM (DRAM) , synchronous dynamic RAM (SDRAM) , static RAM
(SRAM) , ferroelectric RAM (FeRAM) , magnetic RAM (MRAM) , resistiv
e RAM (RRAM) , flash memory, phase change memory (PCM) , and others) .

The controller 302 may be configured to manage and coordinate variou
s operations (e.g. signaling, receiving, obtaining, retrieving, transmitting, outputt
ing, forwarding, storing, determining, identifying, accessing, writing, reading) of t
he processor 300 to cause the processor 300 to support various operations in accordan
ce with examples as described herein. For example, the controller 302 may operate as
a control unit of the processor 300, generating control signals that manage the opera
tion of various components of the processor 300. These control signals include enabli
ng or disabling functional units, selecting data paths, initiating memory access, and

coordinating timing of operations.

The controller 302 may be configured to fetch (e.g. obtain, retrieve, receive) instru
ctions from the memory 304 and determine subsequent instruction (s) to be executed to

cause the processor 300 to support various operations in accordance with examples as
described herein. The controller 302 may be configured to track memory address of in
structions associated with the memory 304. The controller 302 may be configured to de
code instructions to determine the operation to be performed and the operands involve
d. For example, the controller 302 may be configured to interpret the instruction and
determine control signals to be output to other components of the processor 300 to ¢
ause the processor 300 to support various operations in accordance with examples as d
escribed herein. Additionally, or alternatively, the controller 302 may be configured

to manage flow of data within the processor 300. The controller 302 may be configure
d to control transfer of data between registers, arithmetic logic units (ALUs) , and
other functional units of the processor 300.

The memory 304 may include one or more caches (e.g. memory local to
or included in the processor 300 or other memory, such RAM, ROM, DRA
M, SDRAM, SRAM, MRAM, flash memory, etc. In some implementations, th

e memory 304 may reside within or on a processor chipset (e.g. local to the processor
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300) . In some other implementations, the memory 304 may reside external to the proc
essor chipset (e.g. remote to the processor 300) .

The memory 304 may store computer-readable, computer-executable code i
ncluding instructions that, when executed by the processor 300, cause the processor 3
00 to perform various functions described herein. The code may be stored in a non-
transitory computer-readable medium such as system memory or another ty
pe of memory. The controller 302 and/or the processor 300 may be con
figured to execute computer-readable instructions stored in the memory 304 to ¢
ause the processor 300 to perform various functions. For example, the processor 300 a
nd/or the controller 302 may be coupled with or to the memory 304, the processor 300,

the controller 302, and the memory 304 may be configured to perform

various functions described herein. In some examples, the processor 300 may include

multiple processors and the memory 304 may include multiple memories

. One or more of the multiple processors may be coupled with one or more of the multi
ple memories, which may, individually or collectively, be configured to perform vario

us functions herein.

The one or more ALUs 306 may be configured to support various operat
ions in accordance with examples as described herein. In some implementations, the on
e or more AL Us 306 may reside within or on a processor chipset (e.g. the processor 30
() . In some other implementations, the one or more ALUs 306 may res
ide external to the processor chipset (e.g. the processor 300) . One or more ALUs 306
may perform one or more computations such as addition, subtraction, multiplication,
and division on data. For example, one or more ALUs 306 may receive
input operands and an operation code, which determines an operation
to be executed. One or more ALUs 306 be configured with a variety of logical and arit
hmetic circuits, including adders, subtractors, shifters, and logic gates, to process

and manipulate the data according to the operation. Additionally, or alternatively,
the one or more ALUs 306 may support logical operations such as AND,

OR, exclusive-OR (XOR) , not-OR (NOR) , and not-AND (NAND) , enab

ling the one or more ALUs 306 to handle conditional operations, comp

arisons, and bitwise operations.

The processor 300 may support wireless communication in accordance w
ith examples as disclosed herein.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an SN, the SN may be a source SN or a target S
N or a candidate target SN. For example, in response to an occurrence of a failure as
sociated with an LTM PSCell switch procedure from a source PSCell to

a target PSCell of a UE, the processor 300 may be configured to or operable to suppo
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rt a means for obtaining failure information related to the LTM PSCell switch procedu
re, wherein the failure includes at least one of an SCG LTM execution failure or an S
CG failure.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an SN, and the SN may be a so
urce SN or a target SN or a candidate target SN. The processor 300 may be configured
to or operable to support a means for receiving or transmitting PRACH configuration i
nformation for early TA acquisition-triggered RA procedure from or to an MN.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an SN, and the SN may be a so
urce SN or a target SN or a candidate target SN. The processor 300 m
ay be configured to or operable to support a means for receiving an RA report from a
UE or an MN, wherein the RA report includes at least one of the foll
owing: early RACH procedure related information; RACH-less LTM related
information; or RACH related information for early TA acquisition.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an MN. For example, in respon
se to an occurrence of a failure associated with an LTM PSCell switch procedure from
a source PSCell to a target PSCell of a UE, the processor 300 may be configured to or
operable to support a means for performing at least one of the following: receiving
failure information related to the LTM PSCell switch procedure from the UE; or obtain
ing information of a failure type of the failure, wherein the failure includes at lea
st one of an SCG LTM execution failure or an SCG failure.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an MN. The processor 300 may
be configured to or operable to support a means for transmitting or receiving PRACH ¢
onfiguration information for early TA acquisition-triggered RA procedure to or from
an SN, and the SN may be a source SN or a target SN or a candidate target SN.

In some implementations, the processor 300 may be configured to supp
ort means for performing operations of an MN. The processor 300 may
be configured to or operable to support a means for performing at least one of the fo
llowing: receiving a random access (RA) report from a user equipment
(UE) ; or transmitting the RA report to the SN, wherein the RA report includes at le
ast one of the following: early RACH procedure related information; RACH-
less LTM related information; or RACH related information for early TA acquisition, a
nd the SN may be a source SN or a target SN or a candidate target SN.

In some additional implementations, the processor 300 may be configu

red to support means for performing operations of a UE. For example,
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in response to an occurrence of a failure associated with an LTM PSCell switch proce
dure from a source PSCell to a target PSCell of a UE, the processor 300 may be config
ured to or operable to support a means for storing failure information related to the
LTM PSCell switch procedure and a means for transmitting the failur
e information, wherein the failure includes at least one of an SCG LTM execution fail
ure or an SCG failure.

In some additional implementations, the processor 300 may be configu
red to support means for performing operations of a UE. The processo
r 300 may be configured to or operable to support a means for storing or transmitting
a random access (RA) report, wherein the RA report includes at least one of the foll
owing: early random access channel (RACH) procedure related information; RACH-
less L1/L.2-Triggered Mobility (LTM) related information; or RACH related inform
ation for early timing advance (TA) acquisition.

It should be appreciated by persons skilled in the art that the components in exempla
ry processor 300 may be changed, for example, some of the components
in exemplary processor 300 may be omitted or modified or new compon
ent (s) may be added to exemplary processor 300, without departing from the spirit an
d scope of the disclosure. For example, in some embodiments, the pro
cessor 300 may not include the ALUs 306.

Figure 4 illustrates an example of a NE 400 in accordance with aspects of the present
disclosure. The NE 400 may include a processor 402, a memory 404, a controller 406,
and a transceiver 408. The processor 402, the memory 404, the controller 406, or the
transceiver 408, or various combinations thereof or various components thereof may be
examples of means for performing various aspects of the present disclosure as descri
bed herein. These components may be coupled (e.g. operatively, commu
nicatively, functionally, electronically, electrically) via one or more interfaces.

The processor 402, the memory 404, the controller 406, or the transceiver 408, or var
ious combinations or components thereof may be implemented in hardwa
re (e.g. circuitry) . The hardware may include a processor, a digital signal processo
r (DSP) , an application-specific integrated circuit (ASIC) , or other progr
ammable logic device, or any combination thereof configured as or ot
herwise supporting a means for performing the functions described in the present disc
losure.

The processor 402 may include an intelligent hardware device (e.g. a general-
purpose processor, a DSP, a CPU, an ASIC, an FPGA, or any combinatio
n thereof) . In some implementations, the processor 402 may be configured to operate
the memory 404. In some other implementations, the memory 404 may be

integrated into the processor 402. The processor 402 may be configured to execute co
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mputer-readable instructions stored in the memory 404 to cause the NE 400 t
o perform various functions of the present disclosure.

The memory 404 may include volatile or non-volatile memory. The memory 404 ma
y store computer-readable, computer-executable code including instruct
ions when executed by the processor 402 cause the NE 400 to perform
various functions described herein. The code may be stored in a non-transitory comput
er-readable medium such the memory 404 or another type of memory. Compu
ter-readable media includes both non-transitory computer storage media
and communication media including any medium that facilitates transf
er of a computer program from one place to another. A non-transitory storag
e medium may be any available medium that may be accessed by a general-
purpose or special-purpose computer.

In some implementations, the processor 402 and the memory 404 couple
d with the processor 402 may be configured to cause the NE 400 to pe
rform one or more of the functions described herein (e.g. executing, by the processor
402, instructions stored in the memory 404) . For example, the processor 402 may sup
port wireless communication at the NE 400 in accordance with example
s as disclosed herein.

In some implementations, the NE 400 may be an SN, and the SN may be
a source SN or a target SN or a candidate target SN. In response to an occurrence of
a failure associated with an LTM PSCell switch procedure from a source PSCell to a ta
rget PSCell of a UE, the NE 400 may be configured to support means for obtaining fail
ure information related to the LTM PSCell switch procedure, wherein the failure inclu
des at least one of an SCG LTM execution failure or an SCG failure.

In some implementations, the NE 400 may be an SN, the SN may be a so
urce SN or a target SN or a candidate target SN, and the NE 400 may be configured to
support means for receiving or transmitting a PRACH configuration in
formation for early TA acquisition-triggered RA procedure from or to an MN.

In some implementations, the NE 400 may be an SN, the SN may be a so
urce SN or a target SN or a candidate target SN, and the NE 400 may
be configured to support means for receiving a random access (RA) re
port from a UE or an MN, wherein the RA report includes at least one of the following
: early RACH procedure related information; RACH-less LTM related
information; or RACH related information for early TA acquisition.

In some implementations, the NE 400 may be an MN. In response to an
occurrence of a failure associated with an LTM PSCell switch procedu
re from a source PSCell to a target PSCell of a UE, the NE 400 may be configured to s

upport means for performing at least one of the following: receiving failure informat
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ion related to the LTM PSCell switch procedure from the UE; or obtai
ning information of a failure type of the failure, wherein the failure includes at le
ast one of an SCG LTM execution failure or an SCG failure.

In some implementations, the NE 400 may be an MN, and the NE 400 may
be configured to support means for transmitting or receiving PRACH
configuration information for early TA acquisition-triggered RA procedure to or from
an SN, and the SN may be a source SN or a target SN or a candidate target SN.

In some implementations, the NE 400 may be an MN, and the NE 400 may
be configured to support means for performing at least one of the following: receivi
ng an RA report from a UE; or transmitting the RA report to an SN, w
herein the RA report includes at least one of the following: early RACH procedure rel
ated information; RACH-less LTM related information; or RACH related infor
mation for early TA acquisition. The SN may be a source SN or a targ
et SN or a candidate target SN.

The controller 406 may manage input and output signals for the NE 40
0. The controller 406 may also manage peripherals not integrated into the NE 400. In
some implementations, the controller 406 may utilize an operating system such as

10S®, ANDROID®, WINDOWS®, or other operating systems. In som

e implementations, the controller 406 may be implemented as part of the processor 402

In some implementations, the NE 400 may include at least one transce
iver 408. In some other implementations, the NE 400 may have more th
an one transceiver 408. The transceiver 408 may represent a wireless transceiver. The

transceiver 408 may include one or more receiver chains 410, one or more transmitter
chains 412, or a combination thereof. The means for receiving or the means for trans
mitting abovementioned in the processor 402 may be implemented via a

t least one transceiver 408.

A receiver chain 410 may be configured to receive signals (e.g. control information,
data, packets) over a wireless medium. For example, the receiver chain 410 may includ
e one or more antennas for receive the signal over the air or wireless medium. The re
ceiver chain 410 may include at least one amplifier (e.g. a low-noise amplifier (

LNA) ) configured to amplify the received signal. The receiver chain 410 may include
at least one demodulator configured to demodulate the receive signal and obtain the t
ransmitted data by reversing the modulation technique applied during transmission of
the signal. The receiver chain 410 may include at least one decoder for decoding the

processing the demodulated signal to receive the transmitted data.
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A transmitter chain 412 may be configured to generate and transmit s
ignals (e.g. control information, data, packets) . The transmitter chain 412 may incl
ude at least one modulator for modulating data onto a carrier signal, preparing the s
ignal for transmission over a wireless medium. The at least one modulator may be conf
igured to support one or more techniques such as amplitude modulatio
n (AM), frequency modulation (FM) , or digital modulation schemes like phase-
shift keying (PSK) or quadrature amplitude modulation (QAM) . The tr
ansmitter chain 412 may also include at least one power amplifier configured to ampli
fy the modulated signal to an appropriate power level suitable for transmission over
the wireless medium. The transmitter chain 412 may also include one
or more antennas for transmitting the amplified signal into the air or wireless medium.

It should be appreciated by persons skilled in the art that the components in exempla
ry NE 400 may be changed, for example, some of the components in exe
mplary NE 400 may be omitted or modified or new component (s) may be

added to exemplary NE 400, without departing from the spirit and scope of the disclo
sure. For example, in some embodiments, the NE 400 may not include t
he controller 406.

Figure 5A illustrates a schematic diagram of an intra-CU intra-DU mobility scena
rio in accordance with aspects of the present disclosure. The wireless communication
system in Figure SA includes a DU, a UE (e.g. UE 101A) , and some ac
cess nodes (e.g. access node 102A and access node 103A) . The access
node 102A and access node 103A are controlled by the DU, and provid
es services for UEs within PSCell #1 and PSCell #2 respectively. Even though there ar
e only one UE and two access nodes in Figure SA, persons skilled in the art will reco
gnize that any number of UEs and access nodes may be included in the

wireless communication system.

In Figure 5A, UE 101A is moving from PSCell #1 to PSCell #2, and may
perform an LTM cell switch procedure from PSCell #1 to access to PS
Cell #2, which is an LTM PSCell switch procedure performed between d
ifferent cells within a DU. This scenario may be referred to as intra-CU intra-

DU mobility. In short, this scenario may be called as intra-DU mobility.

Figure 5B illustrates a schematic diagram of an intra-CU inter-DU mobility scena
rio in accordance with aspects of the present disclosure. The wireless communication
system in Figure 5B includes a CU, a UE (e.g. UE 101B) , and some DU
s (e.g. DU #1 and DU #2) . DU #1 and DU #2 are controlled by the CU,

and provides services for UEs within PSCell #A and PSCell #B respec
tively. Even though there are only one UE and two DUs in Figure 5B, persons skilled 1
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n the art will recognize that any number of UEs and DUs may be included in the wirele
ss communication system.
In Figure 5B, UE 101B is moving from PSCell #A to PSCell #B, and may
perform an LTM PSCell switch procedure from PSCell #A to access to
PSCell #B, which is an LTM PSCell switch procedure performed between
different cells belonging to different DUs but within the same CU. This scenario may
be referred to as intra-CU inter-DU mobility. In short, this scenario may be called
as inter-DU mobility.
Figure 5C illustrates a schematic diagram of an inter-CU mobility scena
rio in accordance with aspects of the present disclosure. The wireless communication
system in Figure 5C includes some CUs (e.g. CU #1 and CU #2) , a UE
(e.g. UE 101C) , and some DUs (e.g. DU #A and DU #B) . DU #A is cont
rolled by CU #1 and provides services for UEs within PSCell #X. DU #
B is controlled by CU #2 and provides services for UEs within PSCell
#Y. Even though there are only one UE, two DUs, and two CUs in Figu
re 5C, persons skilled in the art will recognize that any number of UEs, DUs, and CUs
may be included in the wireless communication system.
In Figure 5C, UE 101C is moving from PSCell #X to PSCell #Y, and may
perform an LTM PSCell switch procedure from PSCell #X to access to
PSCell #Y, which is an LTM PSCell switch procedure performed between
different cells belonging to different DUs within different CUs. This scenario may b
e referred to as inter-CU mobility.
Figure 6 illustrates a schematic diagram of an inter-DU intra-CU LTM procedure
for intra-NR in accordance with aspects of the present disclosure. An inter-
DU intra-CU LTM procedure is used for the case when a UE moves from one DU to
another DU within the same CU during NR operation for LTM.
In the embodiments of Figure 6, a wireless communication system incl
udes a UE, a source DU (which may also be referred to a serving DU,
the source DU serves the UE before an LTM procedure is triggered) , a target DU, one
or more candidate DUs (which may also be referred to as "" " (candidate) target DU (s
), " "candidate target DU (s) " or "candidate DU (s) " in Figure 6) , and a CU. The
source DU and the target DU or the one or more candidate DUs are wit
hin the CU. The source DU and the target DU or the one or more candi
date DUs are within the SN. The CU is a CU of the SN. The UE is movi
ng from the source DU to the target DU or one of the one or more can
didate DUs. The source DU may manage (or control) the serving PSCell
of the UE, and one or more source PSCells. The serving PSCell and t

he one or more source PSCells are considered as in the source DU. Ea
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ch candidate DU of the candidate DU (s) may manage one or more LTM ¢
andidate PSCells, and the one or more candidate PSCells are considered as in each can
didate DU. One of the one or more candidate DUs manages the LTM cand
idate PSCell to which the UE may be switched. In some embodiments, t
he LTM candidate PSCell to which the UE may be switched to may be re
ferred to as the "L'TM candidate target PSCell. " When one LTM candid
ate PSCell is selected as a target PSCell for LTM by the network or is indicated in t
he LTM cell switch MAC CE, the LTM candidate PSCell can be called as
an LTM target PSCell. Then, the candidate DU which manages or contr
ols the LTM candidate PSCell can be called as a target DU, i.e. the LTM target PSCell
is managed by the target DU, and the LTM candidate PSCell is manage
d by the candidate target DU.
In operation 601, the UE sends a measurement report message to the s
ource DU containing measurements of neighboring cells. The source DU
sends an UL RRC message transfer message conveying the received mea
surement report message to the CU.
In operation 602, the CU determines to initiate LTM configuration.
In operation 603, the CU sends a UE context setup request message to
the candidate DU, containing one target candidate PSCell ID. The CU indicates the so
urce DU ID, and requests PRACH resources from the Candidate DU.
In operation 604, if the candidate DU accepts the request of LTM con
figuration, it responds with a UE context setup response message including the genera
ted lower layer RRC configuration (e.g., transmission configuration indication (TCI)
state configuration and RACH configuration) and the RS configuration
for the accepted LTM candidate PSCell.
In operation 603, the CU sends a UE context modification request mes
sage to the source DU including the collected RS configuration, TCI state configurati
on and RACH configuration for the accepted LTM candidate PSCell (s) in other DUs.
In operation 606, the source DU responds with a UE context modificat
ion response message which may include the RS configuration of the source cell, prepa
red LTM candidate PSCells and the generated CSI resource configuration.
In operation 607, the CU sends a UE context modification request mes
sage to the candidate DU (s) containing the cell ID (s) of the prepared LTM candidate
PSCell (s) and associated RS configuration for each LTM candidate P
SCell in other candidate DU (s) . In some cases, the source cell may be configured as
one L'TM candidate PSCell.
In operation 608, the candidate DU responds with a UE context modifi

cation response message including the generated CSI resource configuration.
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[0191]  In operation 609, the CU sends a DL. RRC message transfer message to
the source DU, which includes the generated RRC reconfiguration mess
age with the LTM configuration.
[0192]  In operation 610, the source DU forwards the received RRC reconfigur
ation message to the UE.
[0193]  In operation 611, the UE responds to the source DU with an RRC recon
figuration complete message.
[0194]  In operation 612, the source DU forwards the RRC reconfiguration com
plete message to the CU via an UL RRC message transfer message.
[0195] In operation 613, the UE sends the lower layer measurement result e.
g. L1 measurement results to the source DU.
[0196]  In operation 614, the source DU decides to execute LTM to an LTM can
didate target PSCell.
[0197]  In operation 615, the source DU sends an LTM command to the UE.
[0198]  In operation 616, the source DU sends the LTM cell change notificati
on message to the CU to indicate the initiation of the LTM command t
o the UE including the target PSCell ID and the selected beam information.
[0199]  In operation 617, the CU sends the target PSCell ID and the selected
beam information to the target DU.
[0200]  In operation 618, the target DU detects the access of the UE.
[0201]  In operation 619, the target DU sends the access success message to
the CU with the target PSCell ID.
[0202] In operation 620 (optional) , the CU may send a UE context release ¢
ommand message to the source DU to release the resources of prepared PSCells.
[0203] In operation 621 (optional) , the source DU responds with a UE conte
xt release complete message.
[0204] Some embodiments of the present disclosure refer to an intra-DU intra-
CU LTM procedure for intra-NR, wherein the serving or source PSCell and one or
more LTM candidate PSCells are considered as in the same DU. A wire
less communication system of the intra-DU LTM procedure includes a UE, a
DU (which may also be referred to a source or serving DU, or a target DU, or a candid
ate DU) , and a CU. The source DU is within the CU. That is to say, different from th
e source DU and the target DU or the candidate DU (s) in Figure 6, the intra-
DU LTM procedure only refers to one DU, i.e. the source DU and the t
arget DU or the candidate DU (s) are the same node. In an intra-DU LTM procedure,
the messages transferred between the DU and the CU are similar as the messages trans

ferred between the source DU or the target DU or the one or more can
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didate DUs and the CU in an inter-DU LTM procedure as described in t
he embodiments of Figure 6.

In some embodiments of the present disclosure, in an LTM PSCell swit
ch procedure or in an SCG LTM procedure (e.g. a PSCell change trigge
red by an LTM PSCell switch MAC CE) , an LTM PSCell switch failure o
r an SCG LTM execution failure (i.e., supervision timer T304 expiry) or an SCG failur
e (e.g. an RLF) may happen. Upon an SCG failure happens, the UE may
transmit an SCG Failure Information message to the MN.

Figure 7 illustrates a flowchart of a method related to an LTM PSCel
1 switch procedure in accordance with aspects of the present disclosure. The operatio
ns of the method may be implemented by a UE as described herein. In
some implementations, the UE may execute a set of instructions to control the functio
n elements of the UE to perform the described functions. In some implementations, asp
ects of operations 702 and 704 may be performed by UE 200, UE 101A,
UE 101B, or UE 101C, as described with reference to Figures 2 and 5A-
5C. Each of operations 702 and 704 may be performed in accordance wi
th examples as described herein.

At operation 702, in response to an occurrence of a failure associat
ed with an LTM PSCell switch procedure from a source PSCell to a tar
get PSCell of the UE, the method may include storing, by a UE, failure information re
lated to the LTM PSCell switch procedure. The failure includes at least one of an SCG
LTM execution failure or an SCG failure.

At operation 704, the method may include transmitting the failure information by the
UE. In some implementations, the failure information (denoted as "failure information
#1" ) includes at least one of the following:

(1) information regarding the source PSCell;

(2) information regarding a PSCell where the failure happens;

(3) information regarding a selected beam in the target PSCell;

(4) information regarding one or more neighbour cells;

(5) L1 or L3 measurement results of the source PSCell;

(6) L1 or L3 measurement results of the PSCell where the failure happens;

(7) L1 or L3 measurement results of the neighbour cells;

(8) information indicating whether a neighbour cell included in L1 o
r L3 measurement results is an L.TM candidate PSCell;

(9) information indicating that the failure happens in the LTM PSCel
1 switch procedure;

(10) information regarding at least one LTM candidate PSCell configu
red for the LTM PSCell switch procedure;
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(11) cell configuration information for the at least one LTM candidate PSCell;

(12) a set of channel state information (CSI) resources for the LTM
PSCell switch procedure;

(13) a reference configuration for the LTM PSCell switch procedure;

(14) time elapsed between reception of an LTM PSCell switch command
and reception of a latest RRC reconfiguration message for the LTM PS
Cell switch procedure;

(15) time elapsed between the reception of the LTM PSCell switch com
mand and the occurrence of the failure;

(16) time elapsed between the occurrence of the failure and the failure information i
s transmitted by the UE;

(17) a TA value for a RACH-less SCG LTM; or

(18) a TA value derived in an early RACH procedure for early TA acquisition.

In the embodiments of the present disclosure, information regarding a cell (e.g. info
rmation regarding the source PSCell, information regarding a PSCell where the failure
happens, information regarding one or more neighbour cells) may be a cell ID, which
may include a global cell identity, a tracking area code of the cell, and/or a physic
al cell identifier (PCI) and carrier frequency information.

It should be noted that the method described in Figure 7 describes p
ossible implementations, and that the operations and the steps may be rearranged or o
therwise eliminated or modified and that other implementations are possible, without
departing from the spirit and scope of the disclosure.

Some embodiments of the present disclosure are related to a method r
elated to an LTM PSCell switch procedure implemented by a network no
de as described herein. In some implementations, the network node ma
y be an SN (e.g. the SN may be a source SN or a target SN or a candidate target SN) ,
and may execute a set of instructions to control the function elements of the SN to
perform the described functions as follows.

In some implementations, in response to an occurrence of a failure associated with an
LTM PSCell switch procedure from a source PSCell to a target PSCell
of a UE, the method may include obtaining, by an SN, failure information related to
the LTM PSCell switch procedure, wherein the failure includes at least one of an SCG
L'TM execution failure or an SCG failure.

In some implementations, the SN or a CU of the SN may perform one of
the following:

(1) receive information of a failure type of the failure from an MN, wherein the fail
ure type is detected by the MN; or

(2) detect the failure type of the failure.
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In an implementation, the SN or the CU of the SN may verify the failure type after re
ceiving the information of the failure type of the failure from the MN. If the failur
e type is correct, the SN or the CU may transmit, to the MN, information (denoted as
"information #1" ) indicating that the failure type detected by the MN is correct. If
the failure type detected by the MN is wrong, the SN or the CU may transmit, to the
MN, information (denoted as "information #2" ) indicating that the failure type detec
ted by the MN is wrong.

In some implementations, the CU of the SN may transmit at least one
of the following to at least one DU of the SN:

(1) the failure information related to the LTM PSCell switch procedure;

(2) the information of the failure type of the failure received from the MN; or

(3) the information of the failure type of the failure detected by the CU of the SN.

Then, the at least one DU of the SN may detect the failure type of the failure or ver
ify the failure type detected by the MN or by the CU of the SN.

In an implementation, the at least one DU of the SN may transmit, to
the CU of the SN, the failure type of the failure detected by the at least one DU. 1
n an implementation, if the failure type detected by the MN or by the CU is correct,
the at least one DU may transmit information indicating that the failure type detecte
d by the MN or by the CU is correct to the CU. In another implementation, if the fail
ure type detected by the MN or by the CU is wrong, the at least one DU may transmit i
nformation indicating that the failure type detected by the MN or by the CU is wrong
to the CU, or the at least one DU may transmit information indicating the failure typ
e verified by the at least one DU of the SN to the CU.

In some implementations, the SN or the CU of the SN may indicate any
of the following to the MN:

(1) the failure type detected by the SN or the CU;

(2) the failure type verified by the SN or the CU;

(3) the failure type detected by the at least one DU of the SN; or

(4) the failure type verified by the at least one DU of the SN.

In some implementations, the SN or the CU of the SN may transmit at
least one of the following to the MN: (1) information indicating that the failure typ
e detected by the MN is wrong; or (2) information indicating that the failure type de
tected by the MN is right.

In some implementations, the failure type includes at least one of the following:

(1) a failure type (denoted as "failure type #1" ) which is defined as "Too Late SCG
LTM" , wherein the UE has received configuration information for the
LTM PSCell switch procedure, but the SCG failure occurs after the UE has stayed for

a time period in the source PSCell or occurs before an LTM PSCell sw
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[0249]

[0250]

[0251]

[0252]

itch command for the LTM PSCell switch procedure is triggered to the
UE, and a suitable PSCell different from the source PSCell is found based on layer-
1 (L1) or layer-3 (L3) measurement results reported from the UE, "T
oo Late SCG LTM"can be named as "Too Late LTM PSCell switch" or "Too
Late LTM for SCG" or other name;

(2) a failure type (denoted as "failure type #2" ) which is defined as "Too Early SCG
LTM" , wherein the SCG failure occurs shortly after a successful co
mpletion of LTM PSCell switch from the source PSCell to the target P
SCell or the SCG LTM execution failure occurs, and the source PSCell is the suitable
PSCell based on the L1 or L3 measurement results reported from the U
E, "Too Early SCG LTM" can be named as "Too Early LTM PSCell switch"
or "Too Early LTM for SCG" or other name; or

(3) a failure type (denoted as "failure type #3" ) which is defined as "SCG LTM to wr
ong PSCell" , wherein the SCG failure occurs shortly after the successful completion
of the LTM PSCell switch from the source PSCell to the target PSCell
or the SCG LTM execution failure occurs, and the suitable PSCell different from the
source PSCell and the target PSCell is found based on the L1 or L3 measurement result
s reported from the UE, "SCG L'TM to wrong PSCell" can be named as "L
TM PSCell switch to wrong PSCell" or "LTM for SCG to wrong PSCell" o
r other name.

In some implementations, in response to the occurrence of the failure, the SN or the
CU of the SN may receive information of a suitable PSCell. For instance, the suitable
PSCell is selected by an MN, and the information of the suitable PSCell is received
from the MN. In an implementation, the CU of the SN may transmit the
information of the suitable PSCell received from the MN to the at least one DU of th
e SN.

In some other implementations, in response to the occurrence of the failure, the SN o
r the CU of the SN may select the suitable PSCell. In an implementation, the suitable
PSCell is selected by the CU. In another implementation, the suitable PSCell is sele
cted by at least one DU of the SN, and then the at least one DU may transmit the info
rmation of the suitable PSCell to the CU. In some embodiments, the C
U of the SN requests the at least one DU of the SN to select the suitable PSCell. In
some embodiments, the SN or the CU of the SN may transmit the inform
ation of the suitable PSCell to an MN. The information of the suitable PSCell may be
a cell ID of the suitable PSCell, which may include a global cell identity, a trackin
g area code of the cell, and/or a physical cell identifier (PCI) and carrier frequenc

y information.
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[0253]  In some implementations, the failure type further includes at least one of the follow
ing:
[0254] (1) a failure type (denoted as "failure type #4" ) in which a suitable PSCell selecte
d in response to the occurrence of the failure is not one of a set of LTM candidate P
SCells (denoted as "LTM candidate PSCell set #1" ) provided by a CU of the SN to at |
east one DU of the SN;
[0255]  (2) a failure type (denoted as "failure type #5" ) in which the suitable PSCell is on
e of LTM candidate PSCell set #1, but not one of a set of LTM candid
ate PSCells (denoted as "LTM candidate PSCell set #2" ) selected by the at least one
DU; or
[0256]  (3) afailure type (denoted as "failure type #6" ) in which the suitable PSCell is on
e of LTM candidate PSCell set #2.
[0257]  In some implementations, the SN or the CU of the SN may detect wheth
er the failure type is one of failure type #4, failure type #5, and failure type #6.
[0258]  If the failure type is failure type #4, the SN or the CU of the SN may determine that
LTM candidate PSCell set #1 provided by the SN or the CU of the SN
is improper. In an implementation, the SN or the CU of the SN may tr
ansmit, to an MN or at least one DU of the SN, information indicatin
g that LTM candidate PSCell set #1 provided by the SN or the CU of t
he SN is improper.
[0259]  If the failure type is failure type #5, the CU of the SN may detect that one or more
wrong LTM candidate PSCells are selected by the at least one DU; or
the CU of the SN may transmit, to the at least one DU, information (denoted as "infor
mation #3" ) indicating that the one or more wrong LTM candidate PSC
ells are selected by the at least one DU. In an implementation, the at least one DU m
ay verify the failure type or whether the one or more wrong LTM cand
idate PSCells are selected by the at least one DU.
[0260]  In some implementations, the at least one DU may transmit one of the
following to the CU:
[0261] (1) information indicating that the CU made a right detection regarding information #
3;
[0262]  (2) information indicating that the CU made a wrong detection regard
ing information #3; or
[0263] (3) information of the failure type detected or verified by the at least one DU.
[0264]  In some implementations, the SN or the CU of the SN may transmit the

information of the failure type detected or verified by the SN or the at least one D
U to an MN.
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If the failure type is failure type #6, the CU of the SN may detect that a wrong LTM
target PSCell is selected by a source DU of the SN; or the CU may tr
ansmit, to the source DU, information (denoted as "information #4" ) indicating that
the wrong LTM target PSCell is selected by the source DU.

In some implementations, the source DU may verify the failure type o
r whether the wrong LTM target PSCell is selected by the source DU.

Then, the source DU may transmit one of the following to the CU:

(1) information indicating that the CU made a right detection regarding information #
4

(2) information indicating that the CU made a wrong detection regard
ing information #4; or

(3) information of the failure type detected or verified by the source DU.

In some implementations, the SN or the CU of the SN may transmit the
information of the failure type detected or verified by the SN or the source DU to a
n MN.

In some implementations, the CU of the SN may transmit, to at least
one DU of the SN, at least one of the failure information or the information of the s
uitable PSCell. Then, the at least one DU is configured to detect the failure type.

If the failure type is failure type #4, the at least one DU may detect that LTM candi
date PSCell set #1 provided by the CU is improper; or the at least one DU may transmi
t, to the CU, information (denoted as "information #5" ) indicating that LTM candidat
e PSCell set #1 provided by the CU is improper.

If the failure type is failure type #5, the at least one DU may detect that one or mo
re wrong LTM candidate PSCells are selected by the at least one DU; or the at least o
ne DU may transmit, to the CU, information (denoted as "information #6" ) indicating
that the one or more wrong LTM candidate PSCells are selected by the

at least one DU.

If the failure type is failure type #6, the source DU may detect that a wrong LTM tar
get PSCell is selected by the source DU; or the source DU may transmit, to the CU, in
formation (denoted as "information #7" ) indicating that the wrong LTM target PSCell
is selected by the source DU.

In some implementations, the SN or the CU of the SN may transmit inf
ormation #5, information #6, or information #7 to an MN.

In some implementations, to obtain the failure information, the SN or the CU of the S
N may derive the failure information by itself or to receive the failure information
which is stored or transmitted by the UE (e.g. failure information #1 as described in
the embodiments of Figure 7) . In an implementation, the CU of the SN may transmit t

he failure information to the at least one DU after obtaining the failure information.
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In some implementations, the SN or the CU of the SN may detect wheth
er a ping-pong event occurs. In some other implementations, the SN or at least
one DU of the SN may detect whether a ping-pong event occurs. For the ping-
pong event, after a successful completion of LTM PSCell switch from
a PSCell (e.g., PSCell #1) to another PSCell (e.g., PSCell #2) , the UE is switched b
ack to PSCell #1 within a predefined time period or the UE successfully performs anot
her LTM PSCell switch from PSCell #2 back to PSCell #1.

In an implementation, the CU of the SN may transmit, to the at least
one DU, information indicating an occurrence of the ping-pong event. In an
other implementation, the at least one DU of the SN may transmit, to the CU of the SN
, information indicating an occurrence of the ping-pong event.

In some implementations, the ping-pong event is detected based on: (

1) history information of the UE; (2) time duration between receiving two LTM cell ch
ange notification messages for a same PSCell; or (3) time duration between receiving
two access success messages for a same PSCell.

In some implementations, the at least one DU of the SN is a source D
U, a target DU, and/or at least one candidate target DU.

Some embodiments of the present disclosure are related to a method r
elated to an L'TM PSCell switch procedure implemented by a network no
de as described herein. In some implementations, the network node ma
y be an MN, and may execute a set of instructions to control the function elements of

the MN to perform the described functions as follows.

In some implementations, in response to an occurrence of a failure associated with an

LTM PSCell switch procedure from a source PSCell to a target PSCell

of a UE, the method may include perform at least one of the following by an MN: rece
iving failure information related to the LTM PSCell switch procedure from the UE; or
obtaining information of a failure type of the failure. The failure includes at least

one of an SCG LTM execution failure or an SCG failure.

In an implementation, the MN may transmit the failure information to the SN (e.g. fai
lure information #1 as described in the embodiments of Figure 7) , and the SN may be
a source SN, a target SN, or a candidate target SN.

In some implementations, to obtain the information of the failure type of the failure
, the MIN may perform at least one of the following:

(1) detecting the failure type;

(2) receiving the information of the failure type from the SN; or

(3) transmitting the information of the failure type detected by the MN to the SN; op
tionally, the SN may verify the failure type detected by the MN.

In some implementations, the MN may receive one of the following from the SN:
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[0289] (1) information indicating that the failure type detected by the MN is correct;
[0290]  (2) information indicating that the failure type detected by the MN is wrong;
[0291]  (3) information indicating the failure type detected by the SN; or
[0292]  (4) information indicating the failure type verified by the SN.
[0293]  In some implementations, the failure type includes at least one of the following: fai
lure type #1, failure type #2, failure type #3, failure type #4, failure type #5, or
failure type #6 as described above.
[0294]  In some implementations, in response to the occurrence of the failur
e, the MN may select a suitable PSCell and transmit information of the suitable PSCel
1 to the SN. In an implementation, a CU of the MN or at least one DU
of the MN may select the suitable PSCell. In one example, the CU of the MN requests
the at least one DU of the MN to select the suitable PSCell. In some implementations,
the CU of the MN transmits information of the suitable PSCell to the SN.
[0295]  In some implementations, the MN may receive information of a suitabl
e PSCell from the SN, wherein the suitable PSCell is selected by the SN.
[0296]  In some implementations, the MN may receive one of the following from the SN:
[0297] (1) information indicating that a set of LTM candidate PSCells provi
ded by the SN or the CU of the SN is improper;
[0298] (2) information indicating that the one or more wrong LTM candidate
PSCells are selected by the SN or the at least one DU of the SN;
[0299]  (3) information indicating that the wrong L'TM target PSCell is selec
ted by the SN or the source DU of the SN;
[0300]  (4) information of the failure type detected or verified by the at least one DU of th
e SN;
[0301] (5) information of the failure type detected or verified by the source DU of the SN; or
[0302]  (6) information of the failure type detected or verified by the SN.
[0303]  The following text describes specific embodiments of the flowcharts
as shown and illustrated above, i.e., Embodiments 1-4.
[0304] Embodiment 1 (stage 2 definition for failure or ping-pong case)
[0305]  In general, there is a possibility that an SCG LTM procedure and an
MCG LTM procedure may coexist. If so, a maximum number of candidate
coordination between an MN and an SN (e.g. the SN may be a source SN
or a target SN or a candidate target SN) is needed.
[0306] In Embodiment 1, if an MCG LTM is triggered firstly, an MN may indic
ate at least one of the following to an SN (e.g. the SN may be a source SN or a targe
t SN or a candidate target SN) :
[0307] (1) a maximum number of LTM configurations prepared;
[0308] (2) a maximum number of LTM candidate PCells prepared;
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(3) a maximum number of LTM configurations to be prepared; or
(4) a maximum number of LTM candidate PSCells to be prepared.
In Embodiment 1, if an SCG LTM procedure is triggered firstly, a SN
(e.g. the SN may be a source SN or a target SN or a candidate target SN) may indicate
at least one of the following to an MN:
(1) a maximum number of LTM configurations prepared;
(2) a maximum number of LTM candidate PSCells prepared;
(3) a maximum number of LTM configurations to be prepared; or
(4) a maximum number of LTM candidate PCells to be prepared.
In some embodiments, MCG release or SCG release has a high priority
than an SCG LTM procedure, and RRC re-establishment/set up/resume has a
high priority than an SCG LTM procedure. While a UE has stored LTM ¢
andidate PSCell configurations, the UE can also execute any L.3 PSCel
1 change command sent by the network. It is up to the network to avoid any issue due
to a collision between LTM PSCell switch and L3 PSCell change, e.g.,
avoiding sending LTM PSCell switch command and L3 PSCell change com
mand simultaneously.
In case that L3 PSCell change is triggered earlier than an SCG L'TM p
rocedure (L3 PSCell change is triggered before an SCG LTM procedure
is triggered) , L3 PSCell change has a high priority. In case that an SCG L'TM procedu
re is triggered earlier than L3 PSCell change (for example, a gNB-CU receives an LT
M notify message e.g. LTM CELL CHANGE NOTIFICATION message from a gN
B-DU before L3 PSCell change is triggered) , an SCG LTM procedure has
a high priority. In case that an SCG LTM procedure and PSCell change are triggered al
most simultaneously, the gNB-DU of an SN fails the 1.3 PSCell change by respondin
¢ with a UE Context Modification Failure message with a proper cause
meaning SCG LTM has a high priority.
In an SCG L'TM procedure (e.g. PSCell change triggered by an LTM cell
switch MAC CE) , an LTM PSCell switch failure or an SCG LTM executi
on failure (i.e., supervision timer T304 expiry) or an RLF may happen. Upon a connect
ion failure happens, a UE may make the SCG LTM related failure infor
mation available to an MN, e.g. the UE stores or reports SCG L'TM related failure info
rmation in a message. The message may be an existing one (e.g. an SC
G Failure Information or other message) or in a new introduced messa
ge. For example, the UE may send SCG LTM related failure information
to the MN e.g. via the SCG Failure Information message, after the M
N receives the SCG LTM related failure information. There may be fol

lowing two options in different embodiments, i.e. Option #1 and Option #2.
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Option #1: the MN may select a suitable PSCell e.g. based on L1 or L
3 measurement results from the UE. For example, there may be followi
ng embodiments:
(1) the MN or a CU of the MN may select a suitable PSCell as target
PSCell for L3 PSCell change, e.g. based on L3 measurement results; or
(2) the MN or the CU of the MN may select a suitable PSCell as targe
t PSCell for LTM PSCell switch e.g. based on L1 measurement results; or
(3) at least one DU of the MN may select a suitable PSCell (e.g. as
an LTM target PSCell for LTM PSCell switch, based on L1 measurement
results) . Optionally, the CU of the MN may indicate the at least one DU of MN to sel
ect a suitable PSCell. Then, the at least one DU of the MN may indicate the informati
on of the suitable PSCell (e.g. suitable PSCell ID, which may include a global cell i
dentity, a tracking area code of the cell, and/or a physical cell identifier (PCI) an
d carrier frequency information) to the CU of the MN.
In Option #1, the MN may indicate the information of suitable PSCell (e.g. a suitable

PSCell ID) to the SN, or, the CU of the MN may indicate the information of suitable
PSCell (e.g. suitable PSCell ID) to the CU of the SN. Then, the CU of the SN may indi
cate the information of suitable PSCell (e.g. suitable PSCell ID) to the DU (s) of th
e SN (e.g. a source DU of the SN, or a target DU of the SN, or at least one candidate

target DU of the SN) .

In the embodiments of the present disclosure, an SN is a node which

served the UE at the last initialization of an SCG LTM procedure or
the LTM PSCell switch procedure or a node which triggers the SCG LTM

procedure or the LTM PSCell switch procedure. For example, the SN m
ay be a source SN or a target SN or a candidate target SN.

Option #2: the MN may send SCG LTM related failure information to th
e SN. Then, the SN may select a suitable PSCell e.g. based on L1 or
L3 measurement results from the UE. For example, there may be follow
ing embodiments:
(1) the SN or the CU of the SN may select a suitable PSCell as target PSCell for L3 P

SCell change, e.g. based on L3 measurement results; or

(2) the SN or the CU of the SN may select a suitable PSCell as targe
t PSCell for LTM PSCell switch e.g. based on L1 measurement results.

Then, the CU of the SN may indicate the information of suitable PSCell (e.g. a suita
ble PSCell ID, which may include a global cell identity, a tracking area code of the
cell, and/or a physical cell identifier (PCI) and carrier frequency information) to a
t least one DU of the SN (e.g. a source DU of the SN, or a target DU of the SN, or at

least one candidate target DU of the SN) ; or
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(3) atleast one DU of the SN (e.g. a source DU of the SN, or a target DU of the SN,
or at least one candidate target DU of thee SN) may select a suitable PSCell (e.g. as
target PSCell for LTM PSCell switch, based on L1 measurement results) . Optionally,
the CU of the SN may indicate the at least one DU of the SN to select a suitable PSCe
1. Then, the at least one DU of the SN may indicate the information of the suitable
PSCell (e.g. a suitable PSCell ID, which may include a global cell identity, a tracki
ng area code of the cell, and/or a physical cell identifier (PCI) and carrier frequen
cy information) to the CU of the SN.

In Option #2, the SN or the CU of the SN may indicate the informatio
n of suitable PSCell (e.g. a suitable PSCell ID) to the MN or a CU of the MN. Then, t
he CU of the MN may indicate the information of suitable PSCell (e.g. a suitable PSCe
11 ID) to the at least one DU of the MN (e.g. a source DU of the MN, a target DU of t
he MN, or at least one candidate target DU of the MN) .

In some embodiments of the present disclosure, the MN may perform an
initial analysis to identify the node that caused the failure. The MN may use the SC
G Failure Information Report procedure to verify whether intra-SN SCG LTM has be
en triggered in the last serving SN and stores the SCG Failure Information for the ti
me needed to receive possible response from the last serving SN. If the failure is ca
used by a source SN, the MN then forwards the SCG Failure Informatio
n to the source SN. The node responsible for the last LTM PSCell switch (e.g. the sou
rce SN, the last serving SN, the target SN, the candidate target SN or the MN) perfor
ms the final root cause analysis.

In some embodiments of the present disclosure, one of the functions of self-
optimization for LTM PSCell switch procedure or an SCG L'TM procedure
is to detect failures that occur due to Too late SCG L'TM or Too ear
ly SCG LTM, or SCG LTM to wrong PSCell. The failures types may also
be named as "problem types" or "event types" or "case types" or the like. The failure
s types may be defined as follows:

- Too late SCG LTM: UE receives configuration for an SCG LTM procedur
e, while an SCG failure occurs after the UE has stayed for a long period of time in t
he serving PSCell, or, LTM for SCG is configured but an SCG RLF occu
rs before LTM PSCell switch MAC CE is initiated/triggered to the UE; a suitable diffe
rent PSCell is found based on the L1 or L3 measurement results reported from the UE.
"Too late SCG LTM" can also be named as "Too Late LTM PSCell switch,
" "Too Late LTM for SCG" or other.

- Too early SCG LTM: an SCG failure occurs shortly after a successful
LTM PSCell switch from a source PSCell to a target PSCell, or an LT
M PSCell switch failure/SCG LTM execution failure occurs during the
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SCG LTM execution procedure; source PSCell is still the suitable PSCell based on the
L1 or L3 measurement results reported from the UE. "Too early SCG LT
M" can also be named as "Too Early LTM PSCell switch, " "Too Early L
TM for SCG" or other.

- SCG LTM to wrong PSCell: an SCG failure occurs shortly after a succ
essful LTM PSCell switch from a source PSCell to a target PSCell, or
an LTM PSCell switch failure/SCG LTM execution failure occurs durin
g the SCG LTM execution procedure; a suitable PSCell different with
source PSCell or target PSCell is found based on the L1 or L3 measurement results rep
orted from the UE. "SCG LTM to wrong PSCell"” can also be named as "L
TM PSCell switch to wrong PSCell, " "LTM for SCG to wrong PSCell" or other.

In the definition above, the "successful LTM PSCell switch" refers t
o the UE successfully completes the access procedure to the target PSCell.

In some embodiments of the present disclosure, a failure type defini
tion for an LTM PSCell switch procedure or an SCG LTM procedure can
be defined as below (e.g. in case that a suitable PSCell is selected upon connection
failure happens in intra-SN SCG LTM without MN involvement or in SN initiate
d intra-SN LTM PSCell switch) :

(1) if the suitable PSCell is not one of at least one LTM candidate PSCell provided b
y the CU of the SN (e.g. if the suitable PSCell is not one of at least one LTM candid
ate PSCell provided by the CU of the SN to a source DU or a target DU or at least one
candidate target DU of the SN) , it is wrong LTM candidate PSCell list selection at
the SN or the CU of the SN, and the SN may be a source SN or a targe
t SN or a candidate target SN;

(2) if the suitable PSCell is one of the at least one LTM candidate PSCell provided b
y the CU of the SN (e.g. if the suitable PSCell is not one of at least one LTM candid
ate PSCell provided by the CU of the SN to a source DU or a target DU or at least one
candidate target DU of the SN) , but is not one of at least one LTM candidate PSCell
selected by the source DU or the target DU or the at least one candidate target DU o
f the SN, it is wrong LTM candidate PSCell selection at the source DU or the target D
U or the at least one candidate target DU of the SN of the SN;

(3) if the suitable PSCell is one of the at least one LTM candidate PSCell selected b
y the source DU or the target DU or the at least one candidate target DU of the SN of
the SN, it is wrong target PSCell for LTM PSCell switch decision at source DU of the
SN (e.g. reference id of target PSCell i.e. "Target Configuration ID" included in th
e LTM PSCell switch command or LTM Command MAC CE is wrong) .

Moreover, if subsequent SCG LTM or subsequent LTM PSCell switch proc

edures are executed, one of the functions of MRO is to detect ping-pong that occur i
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n the subsequent SCG LTM or subsequent LTM PSCell switch procedures. Ping-
pong may be named as "ping-pong event” or "ping-pong case" or the like. The event
of "ping-pong (s) in subsequent SCG LTM/LTM PSCell switch procedures" may be
defined as follows:

- A UE performs LTM PSCell switch from a first PSCell to a second PSC
ell successfully, but within a predefined limited time, the UE is switched back to th
e first PSCell, or the UE performs LTM PSCell switch from the second

PSCell back to the first PSCell successfully. The event may occur more than once aft
er an RRC Reconfiguration message (e.g. which includes the LTM candi

date PSCell configurations of one or multiple LTM candidate PSCells)

for LTM is received by the UE.

Embodiment 2 (LTM PSCell switch related failure information)

As described in Embodiment 1, in an SCG LTM procedure (e.g. PSCell change
triggered by an LTM PSCell switch command or MAC CE) , an LTM PSCell switch
failure or an SCG LTM execution failure or an SCG RLF may happen. For any SCG
failure, to enable the network to understand why the SCG LTM procedure is not
successfully performed, or to help the network to know whether or how to modify the
SCG LTM related configuration (e.g. optimize the list of LTM candidate PSCell (s) ,
or RA resource (s) related information for early TA acquisition or RACH-less SCG
LTM, or CFRA resource related information included in LTM PSCell switch MAC
CE) , L'TM specific information or failure information related to the LTM PSCell
switch procedure needs to be stored or reported by the UE, to enable to distinguish
a failure in SCG L'TM procedure from a failure in L.3 PSCell change procedure. For
example, the UE stores or reports SCG LTM related failure information or failure
information related to the LTM PSCell switch procedure in a message. The message
may be an existing report (e.g. SCG Failure Information message or other) or in
a new introduced message. The SCG LTM related failure information or failure
information related to the LTM PSCell switch procedure may be sent by the UE to
an MN. Then, the MN may send the SCG LTM related failure information or failure
information related to the LTM PSCell switch procedure to the source SN or the target
SN or the candidate target SN via the existing X2/Xn message (e.g. SCG FAILURE
INFORMATION REPORT or other) or a new introduced X2/Xn message. For
example, in case of intra-SN SCG LTM without MN involvement or in SN initiated
intra-SN LTM PSCell switch, the CU of the MN may send the SCG L'TM related
failure information or failure information related to the LTM PSCell switch procedure
to the CU of the source SN, and then, the CU of the source SN may send the SCG
LTM related failure information to the source DU of the source SN and/or the target

DU and/or at least one candidate target DU of the source SN, via a new introduced
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F1 message or an existing F1 message (e.g. Access and Mobility Indication message
or other) . In case of intra-SN SCG LTM without MN involvement or in SN initiated
intra-SN LTM PSCell switch, a source SN is a node which served the UE at the last
initialisation of SCG LTM/LTM PSCell switch procedure or a node which triggers the
SCG LTM/LTM PSCell switch procedure, in such case, the source SN and the target
SN are a same node, the source SN and the candidate target SN are a same node, and
the target SN and the candidate target SN are a same node.

In some embodiments, the SCG L'TM related failure information or fail
ure information related to the LTM PSCell switch procedure stored or reported by the
UE may include LTM specific information or LTM PSCell switch related

failure information. For instance, the SCG LTM related failure information or failur
e information related to the LTM PSCell switch procedure includes at least one of fol
lowing:

(1) information of source PSCell (e.g. cell ID, measurement results) . For example, t
he cell ID may include reference ID or index mapped with the source PSCell, PCI
+ carrier frequency information (e.g. ARFCN) , and/or, CGl-info (e.g. PLMN-
Identity, Cell Identity and TrackingAreaCode) . For example, measure
ment results may include L1 measurement results or L3 measurement results;

(2) information of failed PSCell (e.g. cell ID, measurement results) . For example, m
easurement results may include L1 measurement results or L3 measurement results;

(3) information of selected beam in target PSCell (e.g. CTI state of the target PSCel
1), if indicated in LTM PSCell switch MAC CE;

(4) information of one or more neighbour cells (e.g. cell ID of each neighbour cell,
measurement results of each neighbour cell, one flag to indicate whether a measured n
eighbour cell included in the L1 or L3 measurement results is an LTM

candidate PSCell or not) ;

(5) an indication concerning that failure happens in an SCG LTM proc
edure or SCG failure due to LTM PSCell switch, e.g. introduce a new failure type or f
ailure cause of SCG failure e.g. SCG L'TM failure or SCG LTM executio
n failure or failure shortly after successful SCG LTM execution; or introduce a new f
ailure to indicate that failure happens in an SCG LTM procedure; or introduce an expl
icit indication about the type of SCG LTM cell switch; or include a new one-
bit flag (add an indicator indicating whether the last executed mobility before the S
CG failure was an LTM PSCell switch procedure) ;

(6) list of LTM candidate PSCell (s) (e.g. cell ID) , for example, which are not incl
uded in the L1 or L3 measurement results;

(7) a reference configuration for SCG LTM, e.g. which is represented by IE Itm-

ReferenceConfiguration-r18 configured in the RRC Reconfiguration message t
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o the UE including the LTM candidate PSCell configurations of one or
multiple LTM candidate PSCells;
(8) a list of LTM candidate PSCell configurations, each configuration is used to conf
igure an LTM candidate PSCell, e.g. which is represented by IE LTM-Candidate-
r18 configured in the RRC Reconfiguration message to the UE includin
g the LTM candidate PSCell configurations of one or multiple LTM can
didate PSCells, for example, the configuration at least includes LTM-Candidateld, delt
a configuration which is on top of the reference configuration, configuration for ear
ly UL-Sync, Itm-NoResetID, TCI-States of LTM candidate PSCell and etc.
(9) a group of one or more CSI resources for an LTM candidate PSCell
configuration, e.g. which is represented by IE LTM-CSI-ResourceConfig co
nfigured in the RRC Reconfiguration message to the UE including the
LTM candidate PSCell configurations of one or multiple LTM candidate PSCells;
(10) time elapsed between reception of an LTM PSCell switch command
or MAC CE (or LTM PSCell switch towards target PSCell is triggered)
and the corresponding latest RRC Reconfiguration message for SCG LTM is received;
(11) time elapsed between reception of an LTM PSCell switch command
or MAC CE (or LTM PSCell switch towards target PSCell is triggered)
and the occurrence of the SCG failure;
(12) time elapsed between the occurrence of the SCG failure and the
stored information or report is reported;
(13) a TA value for a RACH-less SCG LTM; or
(14) a TA value derived in an early RACH procedure for early TA acquisition.
In another solution, some information can be derived by a node which
triggers an SCG LTM procedure or an LTM PSCell switch procedure (e.
g. in case of intra-SN SCG LTM without MN involvement or in SN initiate
d intra-SN LTM PSCell switch, in one example, the node is a source SN, or a
CU of the source SN, or at least one DU of the source SN; and in another example, the
node is an MN, or the CU of the MN, or at least one DU of the MN; i
n case of intra-SN SCG LTM with MN involvement or in inter-SN SCG LTM, in on
e example, the node is a source SN, or a CU of the source SN, or at least one DU of t
he source SN; in another example, the CU is the node is a target SN,
or a CU of the target SN, or at least one DU of the target SN; in another example, t
he node is an MN, or the CU of the MN, or at least one DU of the MN;
and in another example, the node is a candidate target SN, or the CU of the candidat
e target SN, or at least one DU of the candidate target SN) , even though the UE does
not report them to the network. For example, in case of intra-SN SCG L'TM withou
t MN involvement or in SN initiated intra-SN L'TM PSCell switch, a source SN,
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or a CU of the source SN, or at least one DU of the source SN can derive at least on
e of the following SCG LTM related failure information or failure information related
to the LTM PSCell switch procedure by itself:

(1) information about whether a measured neighbour cell included in
the UE reported L1 or L3 measurement results is an LTM candidate PSCell;

(2) information about whether failure happens in an SCG LTM or LTM P
SCell switch procedure or an SCG failure due to LTM;

(3) list of LTM candidate PSCell (s) (e.g. cell ID) ;

(4) TA value for RACH-less SCG LTM or derived in early RACH procedure for

early TA acquisition;

(5) the reference configuration for LTM, e.g. which is represented by IE 1tm-
ReferenceConfiguration-r18 configured in the RRC Reconfiguration message t
o the UE including the LTM candidate PSCell configurations of one or

multiple LTM candidate PSCells;

(6) a list of LTM candidate PSCell configurations, each configuration is used to conf
igure an LTM candidate PSCell, e.g. which is represented by IE LTM-Candidate-
r18 configured in the RRC Reconfiguration message to the UE includin
g the LTM candidate PSCell configurations of one or multiple LTM can
didate PSCells, for example, the configuration at least includes LTM-Candidateld, delt
a configuration which is on top of the reference configuration, configuration for ear
ly UL-Sync, ltm-NoResetID, TCI-States of LTM candidate PSCell and etc.

(7) a group of one or more CSI resources for an LTM candidate PSCell

configuration, e.g. which is represented by IE LTM-CSI-ResourceConfig co
nfigured in the RRC Reconfiguration message to the UE including the
LTM candidate PSCell configurations of one or multiple LTM candidate PSCells;

(8) time elapsed between reception of an LTM PSCell switch command o
r MAC CE (or LTM PSCell switch towards target PCell is triggered) an
d the corresponding latest RRC Reconfiguration message for SCG L'TM i
s received, for example, CU can derive this time duration which is equal to the time
between receiving the UL RRC MESSAGE TRANSFER message (including RRC

Reconfiguration Complete) , and receiving the latest LTM CELL CHANG
E NOTIFICATION message; or

(9) time elapsed between reception of an LTM PSCell switch command o
r MAC CE (or LTM PSCell switch towards target PCell is triggered) an
d the SCG failure.

In an SCG L'TM or LTM PSCell switch procedure (e.g. PSCell change tri
ggered by LTM PSCell switch command or MAC CE) , when an SCG RLF occ
urs before an LTM PSCell switch MAC CE is received, or when an LTM P
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SCell switch failure or an SCG LTM execution failure happens (i.e.,
supervision timer T304 expiry) , or when an SCG failure occurs short
ly after a successful LTM PSCell switch from a source PSCell to a target PSCell, the
receiving node (e.g. an MN or a CU of the MN which receives SCG LTM
related failure information or failure information related to the LTM PSCell switch p
rocedure from the UE) sends the SCG LTM related failure information
to the node where LTM PSCell switch is triggered (e.g. a source SN o
r a CU of the source SN in case of intra-SN SCG LTM without MN involvement
or in SN initiated intra-SN LTM PSCell switch) , e.g. via the existing X2/Xn
message (e.g. SCG FAILURE INFORMATION REPORT or other) or a new int
roduced X2/Xn message. The CU of the source SN may send the SCG LTM
related failure information or failure information related to the LTM PSCell switch p
rocedure to the source DU of the source SN and/or the target DU and/or at least one ¢
andidate target DU of the source SN, via a new introduced F1 message or an existing F
1 message (e.g. Access and Mobility Indication message or other) . Optionally, the CU
of the MN may send the SCG LTM related failure information or failu
re information related to the LTM PSCell switch procedure to the DU (s) of the MN, vi
a a new introduced F1 message or an existing F1 message (e.g. Access
and Mobility Indication message or other) .
In the above embodiments, a CU (e.g. a CU of an MN, or a CU of a sou
rce SN, or a CU of a target SN, or a CU of a candidate target SN) ma
y send the SCG L'TM related failure information or failure information related to the
LTM PSCell switch procedure to its corresponding source DU and/or target DU and/
or at least one candidate target DU via a new introduced F1 message or an
existing F1 message (e.g. Access and Mobility Indication message or other) . For exa
mple, the SCG LTM related failure information or failure information related to the L
TM PSCell switch procedure includes at least one of the following information (the fo
llowing information may be reported by the UE or derived by the CU itself) :
(1) information of source PSCell (e.g. cell ID, measurement results) . For example, t
he cell ID may include reference ID or index mapped with the source PSCell, PCI
+ carrier frequency information (e.g. ARFCN) , and/or, CGl-info (e.g. PLMN-
Identity, Cell Identity and TrackingAreaCode) . For example, measure
ment results may include L1 measurement results or L3 measurement results;
(2) information of failed PSCell (e.g. cell ID, measurement results) . For example, m
easurement results may include L1 measurement results or L3 measurement results;
(3) information of selected beam in target PSCell (e.g. CTI state of the target PSCel
1), if indicated in LTM PSCell switch MAC CE;
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(4) information of one or more neighbour cells (e.g. cell ID of each neighbour cell,
measurement results of each neighbour cell, one flag to indicate whether a measured n
eighbour cell included in the L1 or L3 measurement results is an LTM

candidate PSCell or not) ;

(5) an indication concerning that failure happens in an SCG LTM proc
edure or SCG failure due to LTM PSCell switch, e.g. introduce a new failure type or
ailure cause of SCG failure e.g. SCG LTM failure or SCG LTM executio
n failure or failure shortly after successful SCG LTM execution; or introduce a new f
ailure to indicate that failure happens in an SCG L'TM procedure; or introduce an expl
icit indication about the type of SCG LTM cell switch; or include a new one-
bit flag (add an indicator indicating whether the last executed mobility before the S
CG failure was an LTM PSCell switch procedure) ;

(6) list of LTM candidate PSCell (s) (e.g. cell ID) , for example, which are not incl
uded in the L1 or L3 measurement results;

(7) a reference configuration for LTM, e.g. which is represented by IE 1tm-
ReferenceConfiguration-r18 configured in the RRC Reconfiguration message t
o the UE including the LTM candidate PSCell configurations of one or

multiple LTM candidate PSCells;

(8) a list of LTM candidate PSCell configurations, each configuration is used to conf
igure an LTM candidate PSCell, e.g. which is represented by IE LTM-Candidate-
r18 configured in the RRC Reconfiguration message to the UE includin
g the LTM candidate PSCell configurations of one or multiple LTM can
didate PSCells, for example, the configuration at least includes LTM-Candidateld, delt
a configuration which is on top of the reference configuration, configuration for ear
ly UL-Sync, Itm-NoResetID, TCI-States of LTM candidate PSCell and etc.

(9) a group of one or more CSI resources for an LTM candidate PSCell
configuration, e.g. which is represented by IE LTM-CSI-ResourceConfig co
nfigured in the RRC Reconfiguration message to the UE including the
LTM candidate PSCell configurations of one or multiple LTM candidate PSCells;

(10) time elapsed between reception of an LTM PSCell switch command
or MAC CE (or LTM PSCell switch towards target PCell is triggered) a
nd the corresponding latest RRC Reconfiguration message for SCG LTM is received;

(11) time elapsed between reception of an LTM PSCell switch command
or MAC CE (or LTM PSCell switch towards target PCell is triggered) a
nd the occurrence of the SCG failure;

(12) time elapsed between the occurrence of the SCG failure and the
stored information or report is reported;

(13) a TA value for a RACH-less SCG LTM; or
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(14) a TA value derived in an early RACH procedure for early TA acquisition.

Embodiment 3 (MRO detection or analysis)

Embodiment 3 provide solutions about how the network performs an MRO

detection or analysis for the SCG LTM or LTM PSCell switch procedure.

Embodiment 3-1 (mechanism for failure detection or analysis)

In case of an intra-SN SCG LTM without MN involvement or in an SN initi
ated intra-SN LTM PSCell switch procedure, there may be following two solutions
, 1.e. Solution #1 and Solution #2.

Solution #1: Too Late SCG LTM, or Too Early SCG LTM, or SCG LTM to w
rong PSCell may be detected by an MN or a CU of the MN. The MN or th
e CU of the MN may indicate the failure type of Too Late SCG LTM, or

Too Early SCG LTM, or SCG LTM to wrong PSCell to a source SN or a C

U of the source SN, e.g. via an existing X2/Xn message (e.g. SCG FAI

LURE INFORMATION REPORT or other) or a new introduced X2/

Xn message. Then, the CU of the source SN may indicate the failure type of Too

Late SCG LTM, or Too Early SCG LTM, or SCG LTM to wrong PSCell to th

e source DU of the source SN and/or a target DU of the source SN and/or at least one
candidate target DU of the source SN, via a new introduced F1 message or an existing
F1 message (e.g. Access and Mobility Indication message or other) .

- Optionally, the source SN or the CU of the source SN may further ve
rify whether it is the MN or the MN’s CU detected failure type or problem. If yes, th
e source SN or the CU of the source SN may respond to the MN or the
CU of the MN that the MN or the MN’s CU detected failure type or pro
blem is correct. If no, the source SN or the CU of the source SN may respond to the M
N or the CU of the MN that the MN or the MN’s CU detected failure ty
pe or problem is wrong; optionally, the source SN or the CU of the source SN may tran
smit its verified failure type or problem to the MN or the MN’s CU.

- Optionally, the source DU of the source SN and/or target DU of the source SN and/
or at least one candidate target DU of the source SN may further verify whether it is th
e indicated detected failure type or problem. If yes, the source DU of the source SN
and/or the target DU of the source SN and/or at least one candidate target DU of the
source SN may respond to the CU of the source SN that the indicated failure type or p
roblem is correct. Then, the source SN or the CU of the source SN may respond to the
MN or the CU of the MN that the MN or the MN’s CU detected failure t
ype or problem is correct. If no, the source DU of the source SN and/or the target DU

of the source SN and/or the at least one candidate target DU of the source SN may re
spond to the CU of the source SN that the MN or the MN’s CU detected

failure type or problem is wrong; optionally, the source DU of the source SN and/or
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the target DU of the source SN and/or the at least one candidate target DU of the sou
rce SN may transmit its verified failure type or problem to the CU of the source SN.
Then, the source SN or the CU of the source SN may respond to the MN
or the CU of the MN that the MN or MN’s CU detected problem is wron
g; optionally, the source SN or the CU of the source SN may transmit received verifie
d failure type or problem to the MN or the MN’s CU.
Solution #2: Too Late SCG LTM, or Too Early SCG L'TM, or SCG L'TM to w
rong PSCell may be detected by a source SN or a CU of the source SN.
The CU of the source SN may indicate the failure type of Too Late S
CG LTM, or Too Early SCG LTM, or SCG LTM to wrong PSCell to a source
DU of the source SN and/or a target DU of the source SN and/or at least one candidat
e target DU of the source SN, via a new introduced F1 message or an
existing F1 message (e.g. Access and Mobility Indication message or other) .
- Optionally, the relevant DU (e.g. the source DU of the source SN and/
or the target DU of the source SN and/or the at least one candidate target DU of th
e source SN) may further verify whether it is the source SN’s CU detected failure typ
e or problem. If yes, the relevant DU may respond to the CU of the source SN that the
source SN’s CU detected failure type/problem is correct. If no, the relevant DU may
respond to the CU of the source SN that the source SN’s CU detected failure type or p
roblem is wrong; optionally, the relevant DU may transmit its verified failure type o
r problem to the CU of the source SN.
- Optionally, the source SN or the CU of the source SN may indicate t
he failure type to the MN or the CU of the MN, via the existing X2/Xn message (e.g. S
CG FAILURE TRANSFER or other) or a new introduced X2/Xn message.
Embodiment 3-2 (detection of ping-pong event)
Similarly, statistics regarding ping-pong occurrences in subsequent SCG
LTM or LTM PSCell switch procedures may be collected by a node. For
example, the node is one which triggers SCG LTM/LTM PSCell switch o
r which generates the RRC Reconfiguration message for SCG LTM/LTM PS
Cell switch, e.g. in case of intra-SN SCG LTM without MN involvement
or in SN initiated intra-SN LTM PSCell switch, the node is a source SN or th
e source SN’s CU or an MN or the MN’s CU. Then, the ping-pong in subsequen
t SCG LTM/LTM PSCell switch procedures may be analyzed by the source
SN or the source SN’s CU or the MN or the MN’s CU. There may be fol
lowing three options in different embodiments, i.e. Option #A, Option #B, and Option
#C.
Option #A: the ping-pong in subsequent SCG LTM/LTM PSCell switch proced

ures may be analyzed based on UE History Information stored by a sou
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rce SN or the source SN’s CU or an MN or the MN’s CU, or based on UE
History Information received from the UE or from the MN or the CU of the MN.

- For example, based on the time duration of UE staying in the first PSCell, or the se
cond PSCell, or when back to the first PSCell, if within a predefined limited time th
e UE leaves the second PSCell and then back to the first PSCell, or if the UE stays i
n the second PSCell for a short predefined time, the source SN or the source SN’s CU
or the MN or the MN’s CU detects it as a ping-pong case.

Option #B: the ping-pong in subsequent SCG LTM/LTM PSCell switch proced
ures may be analyzed based on the received LTM CELL CHANGE NOTIFICAT
ION message (s) , e¢.g. based on the time duration between receiving
two LTM CELL CHANGE NOTIFICATION messages for a same cell (e.g. the
first PSCell where the UE was back to) .

- For example, the received LTM CELL CHANGE NOTIFICATION message indi
cates the initiation of the LTM PSCell switch MAC CE to the UE, base
d on the time duration between receiving the LTM CELL CHANGE NOTIFIC
ATION message for the first PSCell and receiving the LTM CELL CHANGE

NOTIFICATION message for the second PSCell, and/or, based on the ti

me duration between receiving the LTM CELL CHANGE NOTIFICATION messa
ge for the second PSCell and receiving the LTM CELL CHANGE NOTIFICAT
ION message for back to the first PSCell, if within a predefined limited time the UE
is switched back to the first PSCell, or if the UE stays in the second PSCell for a s
hort predefined time and leaves the second PSCell and then back to the first PSCell (
e.g. the time duration of the UE staying in the second PSCell equals to the time betw
een receiving the ACCESS SUCCESS message for the second PSCell, and
receiving the LTM CELL CHANGE NOTIFICATION message for switching bac

k to the first PSCell) , a source SN or the source SN’s CU or an MN

or the MN’s CU detects it as a ping-pong case.

Option #C: the ping-pong in subsequent SCG LTM/LTM PSCell switch proced
ures may be analyzed based on received ACCESS SUCCESS message, e.g.
based on the time duration between receiving two ACCESS SUCCESS mess
ages for a same cell (e.g. the first PSCell where the UE was back to) .

- For example, the received ACCESS SUCCESS message indicates the succ
ess of the LTM execution including the target PSCell ID, based on the time duration b
etween receiving the ACCESS SUCCESS message for the first PSCell and
receiving the ACCESS SUCCESS message for the second PSCell, and/or,
based on the time duration between receiving the ACCESS SUCCESS mes
sage for the second PSCell and receiving the ACCESS SUCCESS message
for back to the first PSCell, if within a predefined limited time the UE is switched
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back to the first PSCell successfully, or if the UE stays in the second PSCell for a
short predefined time and leaves the second PSCell and then back to the first PSCell
successfully, the source SN or the source SN’s CU or the MN or the M

N’s CU detects it as a ping-pong case.

Then, the CU of the source SN or the CU of the MN may indicate the o
ccurrence of potential ping-pong case to the corresponding DU (e.g. a source DU
, or a target DU, or at least one candidate target DU except the target DU, for examp
le, the DUs where ping-pong occurs e.g. DUs of the source SN including the
DU which manages the first PSCell, or the DU which manages the second PSCell) .

Embodiment 3-3 (F1 interface signalling)

Based on Embodiment 3-1, in case of an intra-SN SCG LTM withou
t MN involvement or in an SN initiated intra-SN LTM PSCell switch, when an SCG
RLF occurs before LTM PSCell switch MAC CE is received, or when an L
TM PSCell switch failure or SCG LTM execution failure happens (i.e.,

supervision timer T304 expiry) , or when an SCG failure occurs shortly after a succe
ssful LTM PSCell switch from a source PSCell to a target PSCell, an

MN or a CU of the MN may receive SCG LTM related failure information

or failure information related to the LTM PSCell switch procedure from the UE. Then,
the MN or the CU of the MN may send the information of suitable PSC

ell if any and/or the SCG LTM related failure information or failure information rela
ted to the LTM PSCell switch procedure to the node where LTM PSCell

switch is triggered (e.g. a source SN or the CU of the source SN) , e.g. via the exis
ting X2/Xn message (e.g. SCG FAILURE INFORMATION REPORT or other) or

a new introduced X2/Xn message. There may be following two solution

s, i.e. Solution #A and Solution #B.

Solution #A: a source SN or a CU of the source SN may perform failur
e analysis as below:

In Solution #A, if the suitable PSCell (e.g. the suitable PSCell as mentioned in Embo
diment 1) is not contained in the at least one LTM candidate PSCell provided by the s
ource SN, or by the CU of the source SN to a target DU or at least one candidate targ
et DU of the source SN, the source SN or the CU of the source SN detects that the at
least one LTM candidate PSCell provided by the source SN or the CU o
f the source SN are improper. Then, the source SN or the CU of the s
ource SN may modify the at least one LTM candidate PSCell or the lis
t of candidate PSCell (s) for LTM PSCell switch. Optionally, the source SN or the CU
of the source SN may indicate the detected problem to the MN or the
CU of the MN, via the existing X2/Xn message (e.g. SCG FAILURE TRANS

FER or other) or a new introduced X2/Xn message.
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In Solution #A, if the suitable PSCell is contained in the at least one LTM candidate
PSCell provided by the source SN, or by the CU of the source SN to a target DU or a
candidate target DU of the source SN, but not contained in at least one LTM candidate

PSCell selected or prepared by the target DU or the (candidate) target DU of the sou
rce SN (i.e. the candidate target DU of the source SN is anyone of the at least one ¢
andidate target DU of the source SN) . There may be following two options in differen
t embodiments, i.e. Option #M and Option #N.

Option #M: the CU of the source SN detects that it is wrong LTM cand
idate PSCell (s) selection or preparation at a target DU or a candidate target DU of
the source SN, the CU of the source SN may indicate to the target DU or the candidate

target DU of the source SN that wrong LTM candidate PSCell (s) are selected or prepa
red by the target DU or the candidate target DU of the source SN, via a new introduce
d F1 message or an existing F1 message (e.g. Access and Mobility Ind
ication message or other) . For example, one explicit or implicit indication concerni
ng wrong LTM candidate PSCell (s) are selected or prepared may be in
cluded in the new introduced F1 message or the existing F1 message.

In Option #M, optionally, the CU of the source SN may forward the in
formation of the suitable PSCell (e.g., cell ID of the suitable PSCell, PCI+ carrier
frequency information (e.g. ARFCN) , and/or, CGI-info (e.g. PLMN-Identity, Cell Id
entity and TrackingAreaCode) ) and/or SCG LTM related failure inform
ation (e.g. failure information related to the LTM PSCell switch procedure as mention
ed in Embodiment 2, such as the at least one LTM candidate PSCell pr
ovided by the source SN or the CU of the source SN and etc. ) to the target DU or the

candidate target DU of the source SN, e.g. via a new introduced F1 message or an exi
sting F1 message (e.g. Access and Mobility Indication message or other) .

In Option #M, optionally, the target DU or the candidate target DU o
f the source SN may further verify the CU of the source SN’s detected problem is righ
t or whether it is wrong LTM candidate PSCell (s) selected or prepared by the target
DU or the candidate target DU of the source SN:

1) If yes, the target DU or the candidate target DU of the source SN may modify its s
elected or prepared one or more LTM candidate PSCells. Optionally, the target DU or t
he candidate target DU of the source SN may respond to the CU of the source SN that t
he CU of the source SN’s detected problem is right or wrong LTM cand
idate PSCell (s) are selected or prepared by the target DU or the candidate target DU

of the source SN, e.g. via a new introduced F1 message or an existing F1 message (e.
g. GNB-DU CONFIGURATION UPDATE message or other) . For exa
mple, one explicit or implicit indication concerning the detected problem is right or

wrong LTM candidate PSCell (s) are selected or prepared by the target DU or the cand



60

WO 2024/179021 PCT/CN2023/129743

[0413]

[0414]

[0415]

[0416]

idate target DU of the source SN may be included in the new introduc
ed F1 message or the existing F1 message.

2) If no, optionally, the target DU or the candidate target DU of the source SN may r
espond to the CU of the source SN that the CU of the source SN made
wrong detection, i.e. it is not wrong L'TM candidate PSCell (s) selection or preparati
on in the target DU or the candidate target DU of the source SN, e.g. via a new intro
duced F1 message or an existing F1 message (e.g. GNB-DU CONFIGURATION
UPDATE message or other) . For example, one explicit or implicit ind
ication concerning the CU of the source SN made wrong detection or i
t is not wrong L'TM candidate PSCell (s) selection or preparation in the target DU or
the candidate target DU of the source SN may be included in the new
introduced F1 message or the existing F1 message. Further, the target DU or the candi
date target DU of the source SN may inform the detected/verified pro
blem to the CU of the source SN, e.g. LTM candidate PSCell (s) selection or preparati
on in the target DU or candidate target DU of the source SN is proper.

In Option #M, optionally, the source SN or the CU of the source SN m
ay indicate the verified or detected problem to the MN or the CU of the MN, via the e
xisting X2/Xn message (e.g. SCG FAILURE TRANSFER or other) or a new
introduced X2/Xn message.

Option #N: the CU of the source SN may forward information of the su
itable PSCell and/or SCG LTM related failure information (e.g. failure information re
lated to the LTM PSCell switch procedure as mentioned in Embodiment
2, such as the at least one LTM candidate PSCell provided by a sourc
e SN or the CU of the source SN and etc. ) to the target DU or the candidate target D
U of the source SN, e.g. a new introduced F1 message or an existing F1 message (e.g.
Access and Mobility Indication message or other) . The target DU or the candidate tar
get DU of the source SN detects that one or more wrong LTM candidate
PSCells are selected or prepared at the target DU or the candidate target DU of the
source SN (e.g. based on the information of suitable PSCell, the at least one LTM can
didate PSCell provided by the CU of the source SN to the target DU or the (candidate)
target DU of the source SN, and the at least one LTM candidate PSCell selected or pr
epared by the target DU or the (candidate) target DU of the source SN) . Then, the ta
rget DU or the (candidate) target DU of the source SN may modify its selected or prep
ared one or more LTM candidate PSCells;

In Option #N, optionally, the target DU or the (candidate) target DU
of the source SN may indicate the CU of the source SN that wrong LT
M candidate PSCell (s) are selected or prepared by the target DU or the (candidate) t

arget DU of the source SN, e.g. via a new introduced F1 message or an existing F1 mes



61

WO 2024/179021 PCT/CN2023/129743

[0417]

[0418]

[0419]

[0420]

[0421]

[0422]

[0423]

sage (e.g. GNB-DU CONFIGURATION UPDATE message or other) . For exa
mple, one explicit or implicit indication concerning wrong L'TM candidate PSCell (s) a
re selected or prepared may be included in the new introduced F1 message or the exist
ing F1 message.

In Option #N, optionally, the source SN or the CU of the source SN m
ay indicate the verified or detected problem to the MN or the CU of the MN, via the e
xisting X2/Xn message (e.g. SCG FAILURE TRANSFER or other) or a new
introduced X2/Xn message.

In Solution #A, if the suitable PSCell is contained in the at least one LTM candidate
PSCell selected or prepared by the target DU or one candidate target DU of the sourc
e SN (i.e. the one candidate target DU of the source SN is anyone of the at least one
candidate target DU of the source SN) , there may be following two options in differ
ent embodiments, i.e. Option #X and Option #Y.

Option #X: the CU of the source SN detects that it is wrong LTM target cell selection
or decision at source DU of the source SN (e.g. reference id of target PSCell i.e. "
Target Configuration ID" included in the LTM PSCell switch command o
r MAC CE is wrong) .

In Option #X, the CU of the source SN may indicate the source DU of
the source SN that source DU of the source SN configures/indicates w
rong LTM target PSCell, via a new introduced F1 message or an existi
ng F1 message (e.g. Access and Mobility Indication message or other) . For example, o
ne explicit or implicit indication concerning wrong LTM target PSCell is selected or
decided at source DU of the source SN may be included in the new int
roduced F1 message or the existing F1 message.

In Option #X, optionally, the CU of the source SN may forward inform
ation of the suitable PSCell and/or SCG LTM related failure information (e.g. failure
information related to the LTM PSCell switch procedure as mentioned
in Embodiment 2, such as the at least one LTM candidate PSCell prov
ided by the source SN or CU of the source SN, the at least one LTM ¢
andidate PSCell selected or prepared by the target DU or candidate target DU of the s
ource SN, and etc. ) to the source DU of the source SN, e.g. via a new introduced F1
message or an existing F1 message (e.g. Access and Mobility Indicati
on message or other) ;

In Option #X, optionally, the source DU of the source SN may further
verify whether the CU of the source SN’s detected problem is right or whether it is
wrong LTM target cell selection or decision at source DU of the source SN:

(1) If yes, the source DU of the source SN may modify target PSCell
for LTM PSCell switch, optionally, the source DU of the source SN ma
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y respond to the CU of the source SN that the CU of the source SN’s detected problem
is right or wrong LTM target PSCell is selected or decided by the source DU of the so
urce SN, e.g. via a new introduced F1 message or an existing F1 message (e.g. GNB-
DU CONFIGURATION UPDATE message or other) . For example, one explici
t or implicit indication concerning the detected problem is right or wrong L'TM target
PSCell is selected or decided by the source DU of the source SN may be included in t
he new introduced F1 message or the existing F1 message.

(2) If no, optionally, the source DU of the source SN may respond to
the CU of the source SN that the CU of the source SN made wrong detection, i.e. it i
s not wrong L'TM target PSCell selection or decision at source DU of the source SN, e.
g. via a new introduced F1 message or an existing F1 message (e.g. GNB-
DU CONFIGURATION UPDATE message or other) . For example, one explici
t or implicit indication concerning the CU of the source SN made wrong detection or i
t is not wrong L'TM target PSCell selection or decision at the source DU of the source
SN may be included in the new introduced F1 message or the existing
F1 message. Further, the source DU of the source SN may inform the detected/verified
problem to the CU of the source SN, e.g. LTM target PSCell selection or decision at
the source DU of the source SN is proper.

In Option #X, optionally, the source SN or the CU of the source SN m
ay indicate the verified or detected problem to the MN or the CU of the MN, via the e
xisting X2/Xn message (e.g. SCG FAILURE TRANSFER or other) or a new
introduced X2/Xn message.

Option #Y: the CU of the source SN may forward information of the su
itable PSCell and/or SCG L'TM related failure information (e.g. failure information re
lated to the LTM PSCell switch procedure as mentioned in Embodiment
2, such as the at least one LTM candidate PSCell provided by the source SN or the CU
of the source SN to the candidate target DU of the source SN, the at least one LTM ca
ndidate PSCell selected or prepared by the candidate target DU of the source SN, and
etc. ) to source DU of the source SN, e.g. via a new introduced F1 message or an exis
ting F1 message (e.g. Access and Mobility Indication message or other) . The source D
U of the source SN detects it is wrong LTM target PSCell selection or decision at the
source DU of the source SN (e.g. reference ID of target PSCell i.e. "Target Configur
ation ID" included in the LTM PSCell switch command or MAC CE is wro
ng) (e.g. based on the information of suitable PSCell, and the at least one LTM candi
date PSCell selected or prepared by the (candidate) target DU of the source SN) . The
n, the source DU of the source SN may modify the target PSCell for L
TM PSCell switch.
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In Option #Y, optionally, the source DU of the source SN may indicat
e the CU of the source SN that wrong LTM target PSCell is selected o
r decided by the source DU of the source SN, e.g. via a new introduced F1 message or
an existing F1 message (e.g. GNB-DU CONFIGURATION UPDATE message or
other) . For example, one explicit or implicit indication concerning wrong L'TM targe
t PSCell is selected or decided may be included in the new introduced F1 message or t
he existing F1 message. Optionally, the source SN or the CU of the s
ource SN may indicate the detected problem (e.g. wrong LTM target PS
Cell is selected or decided by the source SN or the source DU of the source SN) to th
e MN or the CU of the MN, via the existing X2/Xn message (e.g. SCG F
AILURE TRANSFER) or a new introduced X2/Xn message.

Solution #B: an MN or a CU of the MN may perform failure analysis, e
.g. detect whether it is improper LTM candidate PSCell (s) selection at the source SN
or the CU of the source SN, or whether it is wrong LTM candidate PSCell (s) selectio
n or preparation at the target DU or the candidate target DU of the source SN, or whe
ther it is wrong L'TM target PSCell selection or decision at source DU of the source S
N. Then, the MN or the CU of the MN may indicate the detected proble
m to the source SN or the CU of the source SN, e.g. via the existing X2/Xn message (e
.g2. SCG FAILURE INFORMATION REPORT or other) or a new introduced X2/
Xn message.

In Solution #B, optionally, the source SN or the CU of the source SN
may further verify whether it is the MN or the MN’s CU detected problem. If yes, the
source SN or the CU of the source SN may respond to the MN or the M
N’s CU that the MN or the MN’s CU detected problem is correct. If no
, the source SN or the CU of the source SN may respond to the MN or
the MN’s CU that the MN or MN’s CU detected problem is wrong, option
ally, the source SN or the CU of the source SN may transmit its detected/
verified failure type/problem to the MN or the MN’s CU. Then, the CU of the sour
ce SN may indicate the detected failure type or problem (indicated from the CU of the
MN, or detected or verified by the CU of the source SN by its verification) to the s
ource DU of the source SN and/or a target DU of the source SN and/or at least one can
didate target DU of the source SN, via a new introduced F1 message or an existing F1
message (e.g. Access and Mobility Indication message or other) .

In Solution #B, optionally, the source DU of the source SN and/or a target DU of the
source SN and/or at least one candidate target DU of the source SN may further verify
whether it is the indicated detected failure type or problem (indicated from the CU
of the MN, or detected or verified by the CU of the source SN by its verification) .
If yes, the source DU of the source SN and/or the target DU of the source SN and/or a
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t least one candidate target DU of the source SN may respond to the CU of the source
SN that the indicated detected failure type or problem is correct. Optionally, the so
urce SN or the CU of the source SN may respond to the MN or the CU o
f the MN that the indicated detected failure type or problem is correct. If no, the s
ource DU of the source SN and/or the target DU of the source SN and/or at least one ¢
andidate target DU of the source SN may respond to the CU of the source SN that the i
ndicated detected failure type or problem is wrong. Optionally, the source SN or the
CU of the source SN may respond to the MN or the CU of the MN that t
he MN or the MN’CU detected problem is wrong.

Embodiment 3-4 (UE context identification)

When a source DU of a source SN or a target DU of the source SN or a
candidate target DU of the source SN receives the SCG LTM related f
ailure information or failure information related to the LTM PSCell switch procedure
from a CU of the source SN (e.g. in case of intra-SN SCG LTM with o
r without MN involvement, a source SN is a node which served the UE at the last initi
alisation of SCG LTM/LTM PSCell switch procedure or which triggers the SCG LTM/
LTM PSCell switch procedure) , the UE context (e.g. information related to
a UE, for example, UE related configuration of interest, or mobility strategies) may
be released. Embodiment 3-4 gives the solutions about how to enable the sourc
e DU of the source SN or a target DU of the source SN or the candidate target DU of t
he source SN retrieve UE context.

In order to identify the UE context in source DU of the source SN or a target DU of t
he source SN or the candidate target DU of the source SN when SCG LT
M related failure information or failure information related to the LTM PSCell switch
procedure is received from the CU of the source SN (e.g. in case of intra-
SN SCG LTM with or without MN involvement, a source SN is a node whi
ch served the UE at the last initialisation of SCG LTM/LTM PSCell sw
itch procedure or which triggers the SCG LTM/LTM PSCell switch proce
dure) , there may be following operations:

(1) A source DU of the source SN may create a reference related to t
he UE context, or a configuration or a set of parameters used by one UE or a group of
UEs involved in an LTM procedure (e.g. via a source DU of the sourc
e SN implementation, the reference can be called as "Configuration I
nformation" or "Mobility Information” or "LTM Information" or other
name) , and the source DU of the source SN may send this reference (
which may be represented by "Configuration Information” or "Mobility

Information" or "L'TM Information" or other name) to the CU of the source SN, e.g. vi
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a a UE Context Modification Response message or a UL RRC Message Tra
nsfer message or LTM Cell Change Notification message or other message.
(2) A target DU or candidate target DU of the source SN may create a
reference related to the UE context, or a configuration or a set of parameters used
by one UE or a group of UEs involved in an LTM procedure (e.g. via a
target DU or a candidate target DU of the source SN implementation,
the reference can be called as "Configuration Information" or "Mobility Information"
or "L'TM Information" or other name) . The target DU or the candidate target DU of th
e source SN may send this reference (which may be represented by "Co
nfiguration Information" or "Mobility Information" or "LTM Informati
on" or other name) to the CU of the source SN, e.g. via UE Context S
etup Response message or UE Context Modification Response message or
Access Success message or other message.
(3) The CU of the source SN may store the reference (which may be re
presented by "Configuration Information” or "Mobility Information" o
r "LTM Information" or other name) if received from source DU of the
source SN, and, the CU of the source SN may store the reference (wh
ich may be represented by "Configuration Information" or "Mobility I
nformation” or "LTM Information" or other name) if received from the
target DU of the source SN, and, the CU of the source SN may store the reference (wh
ich may be represented by "Configuration Information" or "Mobility I
nformation” or "LTM Information" or other name) if received from can
didate target DU of the source SN, respectively.
(4) The CU of the source SN may send the reference (which may be rep
resented by "Configuration Information” or "Mobility Information” or
"LTM Information" or other name) received from source DU of the sou
rce SN back to the source DU of the source SN, when the CU of the so
urce SN sends the SCG LTM related failure information or failure inf
ormation related to the LTM PSCell switch procedure to the source DU
of the source SN, e.g. via a new introduced F1 message or an existing F1 message (e.
g. Access and Mobility Indication message or other message) .
(5) The CU of the source SN may send the reference (which may be rep
resented by "Configuration Information" or "Mobility Information"” or
"LTM Information" or other name) received from the target DU or can
didate target DU of the source SN back to the target DU or the candidate target DU of
the source SN, when the CU of the source SN sends the SCG LTM relat
ed failure information or failure information related to the LTM PSCell switch proced

ure to the target DU or the candidate target DU of the source SN, e.g. via a new intr
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[0439]

[0440]
[0441]

[0442]

[0443]

oduced F1 message or an existing F1 message (e.g. Access and Mobilit
y Indication message or other message) .
Based on the reference (which may be represented by "Configuration I
nformation" or "Mobility Information" or "LTM Information" or other
name) , the source DU of the source SN or the target DU of the source SN or the candi
date target DU of the source SN can identify the UE's context.
Embodiment 4 (RA report enhancements for LTM)
Embodiment 4 provides enhancements for RA report in case of MCG LTM/
LTM PCell switch procedure, or in case of SCG LTM/LTM PSCell switch procedure.
To avoid RACH Collision, PRACH configuration for early TA acquisition-
triggered RA procedure (or, PRACH configuration for LTM-triggered RA proc
edure or for early RACH procedure for early TA acquisition) can be e
xchanged over Xn interface (e.g. between a source CU or a source nod
e and a candidate target CU or a candidate target node in case of inter-
CU LTM, or between a source CU or a source node and a target CU or a
target node in case of inter-CU LTM, or between an MN’s CU and an SN’s CU (or be
tween MN and SN, the SN may be a source SN or a target SN or a candi
date target SN) in case of coexistence of an MCG LTM and an SCG LTM,
via a new introduced Xn message or an existing Xn message (e.g. XN
SETUP REQUEST, XN SETUP RESPONSE, NG-RAN NODE CONFIGUR
ATION UPDATE, NG-RAN NODE CONFIGURATION UPDATE ACKN
OWLEDGE or other ) or over F1 interface (e.g. between CU and candida
te target DU (s) , or between the CU and the source DU, or between the CU and the tar
get DU, via a new introduced F1 message or an existing F1 message (e
.g. F1 SETUP REQUEST, GNB-DU CONFIGURATION UPDATE, GNB-
CU CONFIGURATION UPDATE message or other) , the CU or the source DU
or the target DU or the candidate target DU may be MN’s or source SN
’s or target SN’s or candidate target SN’s) .
To assist network optimize RACH related configuration for MCG LTM or
SCG LTM (e.g. optimize RA resource related information for early TA
acquisition or RACH-less LTM, or CFRA resource related information incl
uded in LTM cell switch command or MAC CE) , the RA report needs to
be enhanced to include LTM related information, e.g. the RA report i
ncludes early RACH procedure related information, or RACH-less LTM related
information, or RACH related information for early TA acquisition. T
he UE may store and/or report the RA report. For example, the RA rep

ort may include at least one of the following:
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[0450]

(1) a new RA purpose, e.g. to indicate that the RA was initiated for early TA acquisi
tion for LTM, or the RA procedure was triggered in an MCG or SCG LTM
procedure, or the RA procedure was LTM-triggered RA or early TA acquisition-
triggered RA. Or, the RA report includes an indication concerning RA was initiated fo
r early TA acquisition for an MCG or SCG LTM procedure or the RA pro
cedure was triggered in an MCG or SCG LTM procedure;
(2) information of cell where RA procedure is performed, e.g. cell I
D, which may include reference id/index of the cell (e.g. "Target Configuration ID" i
ncluded in the LTM cell switch command or MAC CE) , or PCI+ carrier
frequency information (e.g. ARFCN) , and/or, CGI-info (e.g. PLMN-Identity, Cell Id
entity and TrackingAreaCode) ;
(3) TA value for RACH-less MCG or SCG LTM procedure, e.g. if included in
LTM cell switch command or MAC CE;
(4) an indication concerning whether the UE receives CFRA resource r
elated information, e.g. in LTM cell switch command or MAC CE;
(5) the RA resource related parameters (e.g. RA resource related information for earl
y TA acquisition or RACH-less MCG or SCG LTM procedure, and/or CFRA resource
related information, e.g. which is included in L'TM cell switch comm
and or MAC CE, e.g. at least includes preamble index, UL/SUL indicat
or, SSB index, PRACH Mask index, Msg1 repetition number, frequency s
tart, FDM, SubcarrierSpacing, start preamble or number of preambles) ; or
(6) an indication concerning whether the (RACH) procedure for early
TA acquisition is successful or not, or whether early RACH procedure is successful or
not, or whether RACH-less MCG or SCG LTM procedure is successful or not,
or an indication concerning whether the (RACH) procedure for early TA acquisition is
failed or not, or whether an early RACH procedure is failed or not, or whether RACH-
less MCG or SCG LTM procedure is failed or not. The RACH procedure t
oward a candidate cell may be considered as successful or complete once the preamble
transmission is instructed to the lower layer. In case of MCG LTM, the RA report need
s to be enhanced to include MCG LTM related information, the candida
te cell is a candidate PCell; and in case of SCG LTM, the RA report needs to be enhan
ced to include SCG LTM related information, the candidate cell is a candidate PSCell.
In case of an MCG LTM procedure or an LTM PCell switch procedure, a
CU (e.g. anode which triggers an MCG LTM procedure or an LTM PCell
switch procedure or a node which generates the RRC Reconfiguration m
essage for MCG LTM procedure or an LTM PCell switch procedure, e.g.
a source node or a MN or a source node’s CU or a source MN’s CU) may

receive the RA report from the UE directly or from a third node which receives the R
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A report from the UE; and then, the CU may transmit the RA report (e.g. if received f
rom the UE directly or from the third node) to its corresponding source DU and/or tar
get DU and/or at least one candidate target DU, e.g. via a new introduced F1 message
or an existing F1 message (e.g. Access and Mobility Indication message or other) .
In case of an SCG LTM procedure or an LTM PSCell switch procedure, t

he UE may transmit the RA report to the MN or the CU of the MN or th

e SN or the CU of the SN (e.g. the SN is a source SN or a target SN

or a candidate target SN or a node which triggers SCG LTM/LTM PSCell

switch or a node which generates the RRC Reconfiguration message fo

r SCG LTM/LTM PSCell switch) ; and then, the MN or the CU of the MN

or the SN or the CU of the SN may transmit the RA report (e.g. if received from the U
E or the MN or the SN) to its corresponding source DU and/or target DU and/

or at least one candidate target DU, e.g. via a new introduced F1 message or a

n existing F1 message (e.g. Access and Mobility Indication message or other) . For ex
ample, the UE may transmit the RA report to the MN; and then the MN

may transmit the RA report to a source SN and/or a target SN. For ex

ample, the UE may transmit the RA report to the source SN and/or the

target SN. For another example, if the source SN’s CU or the target SN’s CU receives
the RA report, the source SN’s CU or the target SN’s CU may transmi

t the RA report to its corresponding source DU and/or target DU and/or at least one ¢
andidate target DU, e.g. via a new introduced F1 message or an existing F1 message (e
.g. Access and Mobility Indication message or other) .

The description herein is provided to enable a person having ordinary skill in the ar

t to make or use the disclosure. Various modifications to the disclosure will be appa
rent to a person having ordinary skill in the art, and the generic principles defined
herein may be applied to other variations without departing from the scope of the di
sclosure. Thus, the disclosure is not limited to the examples and designs described h
erein but is to be accorded the broadest scope consistent with the principles and nov

el features disclosed herein.
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Claims

[Claim 1] A secondary node (SN) , comprising:
at least one memory; and
at least one processor coupled to the at least one memory and config
ured to cause the SN to:
in response to an occurrence of a failure associated with a L1/L.2-
Triggered Mobility (LTM) primary secondary cell group cell (PSCell)
switch procedure from a source PSCell to a target PSCell of a user e
quipment (UE) , obtain failure information related to the LTM PSCell

switch procedure,
wherein the failure includes at least one of a secondary cell group
(SCG) LTM execution failure or an SCG failure.

[Claim 2] The SN of Claim 1, wherein the processor is configured to cause the
SN to perform one of the following, or wherein the SN includes a cen
tralized unit (CU) and the CU is configured to perform one of the fo
llowing:
receiving information of a failure type of the failure from a master

node (MN) , wherein the failure type is detected by the MN; or
detecting the failure type of the failure.

[Claim 3] The SN of Claim 2, wherein the SN also includes at least one distrib
uted unit (DU) , the CU is configured to transmit at least one of th
e following to the at least one DU:
the failure information related to the LTM PSCell switch procedure;
the information of the failure type of the failure received from the

MN; or
the information of the failure type of the failure detected by the CU.

[Claim 4] The SN of Claim 3, wherein the at least one DU is configured to:
detect the failure type of the failure; or
verify the failure type detected by the MN or by the CU.

[Claim 5] The SN of Claim 4, wherein the at least one DU is configured to:
transmit, to the CU, the failure type of the failure detected by the

at least one DU; or

if the failure type detected by the MN or by the CU is correct, tran
smit information indicating that the failure type detected by the MN
or by the CU is correct to the CU; or
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if the failure type detected by the MN or by the CU is wrong, transm

it information indicating that the failure type detected by the MN o

r by the CU is wrong to the CU.

The SN of any of Claims 2-5, wherein the failure type includ

es at least one of the following:

a first failure type which is defined as Too Late SCG LTM, wherein t

he UE has received configuration information for the LTM PSCell swit

ch procedure, but the SCG failure occurs after the UE has stayed for
a time period in the source PSCell or occurs before an LTM PSCell s
witch command for the LTM PSCell switch procedure is triggered to th

e UE, and a suitable PSCell different from the source PSCell is foun

d based on layer-1 (L1) or layer-3 (L3) measurement results reporte

d from the UE;

a second failure type which is defined as Too Early SCG LTM, wherein
the SCG failure occurs shortly after a successful completion of LTM
PSCell switch from the source PSCell to the target PSCell or the SC

G LTM execution failure occurs, and the source PSCell is the suitabl

e PSCell based on the L1 or L3 measurement results reported from the
UE; or

a third failure type which is defined as SCG LTM to wrong PSCell, wh

erein the SCG failure occurs shortly after the successful completion
of the LTM PSCell switch from the source PSCell to the target PSCel

1 or the SCG LTM execution failure occurs, and the suitable PSCell d

ifferent from the source PSCell and the target PSCell is found based
on the L1 or L3 measurement results reported from the UE.

The SN of Claim 2, wherein the processor is configured to cause the

SN to or the CU is configured to:

in response to the occurrence of the failure, receive information of
a suitable PSCell or select the suitable PSCell.

The SN of any of Claims 2-5 and 7, the failure type further

includes at least one of the following:

a fourth failure type in which a suitable PSCell selected in respons

e to the occurrence of the failure is not one of a first set of LTM

candidate PSCells provided by a CU of the SN to at least one DU of t

he SN;

a fifth failure type in which the suitable PSCell is one of the firs

t set of LTM candidate PSCells, but not one of a second set of LTM ¢
andidate PSCells selected by the at least one DU; or
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a sixth failure type in which the suitable PSCell is one of the seco

nd set of LTM candidate PSCells.

The SN of Claim 8, wherein the processor is configured to cause the
SN to or the CU is configured to detect whether the failure type is
one of the fourth failure type, the fifth failure type, and the sixt

h failure type.

The SN of Claim 9, wherein if the failure type is the fourth failure
type, the processor is configured to cause the SN to or the CU is ¢
onfigured to determine that the first set of LTM candidate PSCells p
rovided by the SN or the CU is improper.

The SN of Claim 9, wherein the SN also includes at least one distrib
uted unit (DU) , and if the failure type is the fifth failure type,

the CU is configured to:

detect that one or more wrong LTM candidate PSCells are selected by
the at least one DU; or

transmit, to the at least one DU, third information indicating that

the one or more wrong LTM candidate PSCells are selected by the at 1
east one DU.

The SN of Claim 9, wherein if the failure type is the sixth failure
type, the CU is configured to:

detect that a wrong LTM target PSCell is selected by a source DU of
the SN; or

transmit, to the source DU, fourth information indicating that the w
rong L'TM target PSCell is selected by the source DU.

The SN of Claim 8, wherein the SN also includes at least one distrib
uted unit (DU) ; wherein the CU is configured to transmit, to the at
least one DU, at least one of the failure information or the inform
ation of the suitable PSCell; and wherein the at least one DU is con
figured to detect the failure type.

The SN of Claim 13, wherein if the failure type is the fifth failure
type, the at least one DU is configured to:

detect that one or more wrong LTM candidate PSCells are selected by
the at least one DU; or

transmit, to the CU, sixth information indicating that the one or mo

re wrong LTM candidate PSCells are selected by the at least one DU.
The SN of Claim 13, wherein if the failure type is the sixth failure
type, a source DU is configured to:

detect that a wrong LTM target PSCell is selected by the source DU; or
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transmit, to the CU, seventh information indicating that the wrong L
TM target PSCell is selected by the source DU.

The SN of Claim 1, wherein the SN includes a centralized unit (CU) ,
to obtain the failure information, the processor is configured to ¢

ause the SN to or the CU is configured to derive the failure informa
tion by itself or to receive the failure information which is stored

or transmitted by the UE, wherein the failure information includes

at least one of the following:

information regarding the source PSCell;

information regarding a PSCell where the failure happens;
information regarding a selected beam in the target PSCell;
information regarding one or more neighbour cells;

L1 or L3 measurement results of the source PSCell;

L1 or L3 measurement results of the PSCell where the failure happens;
L1 or L3 measurement results of the neighbour cells;

information indicating whether a neighbour cell included in L1 or L3
measurement results is an L TM candidate PSCell;

information indicating that the failure happens in the LTM PSCell sw
itch procedure;

information regarding at least one LTM candidate PSCell configured f
or the LTM PSCell switch procedure;

cell configuration information for the at least one LTM candidate PS
Cell;

a set of channel state information (CSI) resources for the LTM PSCel
1 switch procedure;

a reference configuration for the LTM PSCell switch procedure;

time elapsed between reception of an LTM PSCell swi

tch command and reception of a latest RRC reconfiguration message fo
r the LTM PSCell switch procedure;

time elapsed between the reception of the LTM PSCel

1 switch command and the occurrence of the failure;

time elapsed between the occurrence of the failure and the failure i
nformation is transmitted by the UE;

a time alignment (TA) value for a random access channel (RACH) -
less SCG LTM; or

a TA value derived in an early RACH procedure for early TA acquisiti

on.
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The SN of Claim 1, wherein the SN includes a centralized unit (CU) a
nd at least one distributed unit (DU) , and wherein the processor is
configured to cause the SN to or the CU is configured to detect whe
ther a ping-pong event occurs, and wherein for the ping-

pong event, after a successful completion of LTM PSCell switch from
a first PSCell to a second PSCell, the UE is switched back to the fi

rst PSCell within a predefined time period or the UE successfully pe
rforms another LTM PSCell switch from the second PSCell back to the
first PSCell.

A master node (MN) , comprising:

at least one memory; and

at least one processor coupled to the at least one memory and config
ured to cause the MN to:

in response to an occurrence of a failure associated with a L1/L.2-
Triggered Mobility (LTM) primary secondary cell group cell (PSCell)
switch procedure from a source PSCell to a target PSCell of a user e
quipment (UE) , perform at least one of the following:

receiving failure information related to the LTM PSCell switch proce
dure from the UE; or

obtaining information of a failure type of the failure,

wherein the failure includes at least one of a secondary cell group
(SCG) LTM execution failure or an SCG failure.

A master node (MN) , comprising:

at least one memory; and

at least one processor coupled to the at least one memory and config
ured to cause the MN to:

transmit or receive physical random access channel

(PRACH) configuration information for early timing

advance (TA) acquisition-triggered random access (RA) proce

dure to or from a secondary node (SN) .

A user equipment (UE) , comprising:

at least one memory; and

at least one processor coupled to the at least one memory and config
ured to cause the UE to:

in response to an occurrence of a failure associated with a L1/L.2-
Triggered Mobility (LTM) primary secondary cell group cell (PSCell)
switch procedure from a source PSCell to a target PSCell of the UE,

store failure information related to the LTM PSCell switch procedure
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, wherein the failure includes at least one of a secondary cell grou
p (SCG) LTM execution failure or an SCG failure; and

transmit the failure information.



