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(57) Abstract: A user equipment (UE) is configured to configure a first search space (SS) set of a first slot group for multi-slot physical
downlink control channel (PDCCH) monitoring (MSM), configure a second SS set of a second slot group for MSM, receive an indication
of abeam change in a control resource set (CORESET), configure an updated first SS set of the first slot group for MSM, configure an
updated second SS set of the second slot group for MSM and perform MSM using the updated first SS set and the updated second SS set.
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Multi-S8leot PDCCH Monitoring With Slot Groups

Background

N

.
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H

fO00L1] In a Fifth Generation (5G) New Radio (NR} network, £

-~

communication above 52.6 Giga hertz (GHz), the subcarrier
spacing (SCS8) may be increased to provide robustness to phase
noise. For example, the 3CS may be set to 120 kilo hertz (KHz),

180 KHz or 960 KHz. However, 1increasing the S$CS may result in a

reduction in the duration of the symbol which may place an

user equipment (UE) processing resources
during pvhyvsical downlink controel charnnel {(PDRCCH) monitoring.
Accordingly, there i1s a need to improve the efficiency of FDDCH

monitoring for communication above 52.6 GHz.

Summarx

F0002] Some exemplary embodiments are related to a processor

-

h

a user equipment (UE) configured to perform coperations. The
operations include configuring a first search space {88) set o
a first slot group for multi-slot physical downlink co

channel (PDCCH) monitoring {(MSM), configuring a second 35 set of

a second slot group for MSM, receiving an indication of a beam

change in a control resource set (CCRESET), configuring an
updated first 838 selt of the first slot group for MSM,

the updated second 858 set.,
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Other exemp are re Lo & processor
perform operations. The
mult Lot physical downlink
control channel (PDCCH) monitoring (MSM) parameters to a user
equipment {(UE), wherein the UE utilizes multiple slot groups to
prerform MSM and transmitting information to the UE on the PDCCH.

The exemplary embodiments further in

' clude the multiple slot
groups including a first slot group corresponding to a first
search space (58) set comprising at least one of a type 1 common
search space (CS8S) with a dedicated radic resource control (RRC)
configuration, a type 3 CC and a UE specific 55. The exemplary
embodiments further include the multiple slot groups including a
second sliot group corresponding to a second 388 set comprising at
least one of a type 1 common search space (CSS) without a
dedicated radio resource control (RRC) configuration, a type 0
CC, a type 0A CSS and a type 2 CS8S.

Brief Description of the Drawings

[0004] Fig. 1 shows an set of slot groups a
subframe according to variocus exemplary embodiments,

[0005] Fig. 2 shows an example arrangement of Group 1 and
Group 2 according to various exemplary embodiments.

[O00&] Fig. 2 shows a method for multi-slot physical downlink
control channel (PDCCH) monitoring (MSM) according to various

exemplary embodiments,

f0007] Fig. OWS

a signaling

-

parameters to according to

for providing MSM

ous exemplary embodiments.
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[0008] Fig. 5 shows a signaling di:c

o
_.4

parameters to the UE according

i
4
o}

[0009] Fig. 6 shows an example

ntrol element (CR) according to

[0010] Fig. 7 shows an example

exemplary embodiments.

[0011] Fig. 8 shows an example
parameter (n0) for Group 1 ssarch

various exemplary embodiments.

F00127 Fig. 9 shows an example
carrier aggregaticn (CA) scenario
[

o - . T = TS S - ooy Yy o
(CCs) are 1figured with a same

[OO13] Fig. 10 shows an example

CA scenario where the CCs are configured

(00147 Fig. 11 shows an examplie

CA scenario where the CCs are configur

[0015] Fig. 12 shows an exemplary

according to various exemplary embc

L00L6] Fig. 13 shows an exempla

according to various exemplary embc

t-t

L0017 Fig. 14 shows an exempl

various exemplary embodiments.
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{
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providing MSM

exemplary embodiments.

control (MACH

various exemplary embodiments.

rding to various

a time offset

according to

cing ({SCS).

{UE)

according to
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Detailed Description

[0018] The exemplary embodiments may ke further understood

with reference to the following description and the related

appended drawings, wherein like elements are provided with the

same reference numerals. The exemplary embodiments introduce
technigues for multi-sliot physical downlink control channel
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[0019] The exemplary embodiments are describ
a user equipment (UE). However, reference to a UE is merely
provided for i

lustrative purposes. The exemplary embodiments

Fv
s

may be utilized with any electronic component that may establis
a connecticn to a network and is configured with the hardware,

software, and/or firmware to exchange information and data with

the network. Therefore, the UE as degcribed herein is used to
represent any electronic component.

00207 In a Fifth Generation (5G) New Radio (N

-~

communication above 52. rrierx
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& Giga hertz (GHz), the sub

~ ey

spacing (SC8) may be increased to provide

N

cbustness to phase

noise. For example, the 3CS may be set to 120 kilo hertz (KHz),

480 KHz or 2960 KHz. However, increasing the SCS may result in a
4 4

reduction in the duration of the sgymbol. From the perspective of
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symbol duration may increase the number

r-x-’
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o
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operations that are to be performed by the UE for PDCCH
monitering which may place an unreasconable strain on UE

pIOCGSSl 1J resources.

fo0211 It has been identified that it mav be beneficial to
1

ize multi-sict PDCCH monitcoring (MSM) fo

n

above

2.0 GHz. MSM may a

train associated with other PDDCH monitoring approaches.

i

e
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(00227 MSM may nerally refe
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owever, while the exemplary technigues described herein may
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on above bZ.6 GHz, the

cemplary embodiments are not limited to this frequency range.

0]
\1

PDCCH monitoring approach

=
Tt
O
o))
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hat is based on slot groups that each comprise (X} consecutive

slots. As will be described in more detail bel

- 1
ow, for MSM, the

group. To provide a general example, 1f a slot group comprises

= 4) consecutive slots and (Y = 1} slot, the UE may perforu
CCH monitoring in 1 slot out of the 4 consecutive slots.

[0023] Fig. 1 shows an exemplary set of slot groups 140-144

within a subframe 1

embodiments

0 according to various exemplary
d

s
[¢7]
B
—3
i
)
o
Ui

exemplary slot group arrangement 1s not

intended to limit the exenplary embodiments in any way and is

xemplary embodiments are not limited to any

.y provided as a

1

eneral overview of the relationship
TR .. P - I - - . T ~ ' e - ., — A em 7
tween a slol group and a subframe. A subframe may comprise 1

ot or multiple siots {(e.g., 2, 4, 5, 12, 16, etc.) and the

(00247 The TE 110 may be configured with a PDCCH that

includes maltiple subframes 120, In this example, the PDCCH may

rthe remaining portion of subframe 130 that

"ig. 1 may inciude 20 slots indexed 12-31.

30 is arranged into 3 separate
1ot groups 140-144 and each slot group 140-144 comprises X = 4
T

s. There are 32 slots per subframe in this example and thus,

-
n

not plctured in

lots indexed 12-

s

e

-3
-
0]

may be arranged 1ntc 5 separate groups each comprising X = 4

olts. Therefore, while only 3 slot groups 140-144 are shown in
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d
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roups with a

siot group size of = 4 slots across 1ts 32 slots.
FO0251] In this example, the UE 110 may be configured to
perform PDCCH monitoring in 1 slot from each of the slot groups
140-144 (e.g., Y = 1). Thus, in a first slot group 140
comprising slots indexed 0-3, the UE 110 may have a PDCCH 33
iuring sliot 1. During slots indexed 0, 2 and 3, the UE 110 has
the opportunity to sleep and conserve power since the UE 110 is
not configured to perform PDCCH monitoring during the other
siots 0, 2, 3. In a second slot group 142 comprising slots
indexed 4-7, the UE 110 may have a PDCCH S8 during slot 5.
During slots indexed 4, 6 and 7, the UE 110 has the opportunity
Lo sleep and conserve power sgsince the UE 110 is not configured
o perform PDCCH monitoring during the other siots 4, &, 7. In a
third slot group 144 comprising slots indexed 8-11, the UE 110
may have & PDCCH SS during slot 9. During slots indexed 8, 10
and 11, the UE 110 has the opportunity to sieep and conserve
power since the UE 110 is not configured to perform PDCCH
monitoring during the other slots 8, 10, 11. The UE 110 may
behave in the same manner on the other 5 slot groups referenced
above in the remaining portion of subframe 130 that is not
pictured in Fig. 1.
Slot groups may be consecutive to one another and not

in time. Thus, in this example, slot group

wdexed 0-3, slob group 142 comprises slots indexed 4-7
and slot group 144 comprises slots indexed 8-11. The start of a
first slot group in a subframe (e.g., slobt group 140} may be
aligned with a slot boundary (e.g., slot index 0 (not
pictured} ). The start of each slot group may be aligned with a
siot boundary. In this example, there is no gap between the slot

3
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larvy

groups 140-144, ¥ig. 1 1s not intended to limit the exemp

embodiments in any way and 1s merely provided as a general
verview of ti tionship between a slot group and a

subframe. The exemplary enmbodiments may apply Lo any appropriate

SCS, subframe duration, number of slots per subframe, nunber of
slot groups, slot group etc.

(00271 As will be described in more detail below, a control

ot

rezources se

ed on the CORESET

o))
]
Q
o
joy
0]
o

~ QT wr ) 3
CORESET) mayv be de

o
(@]

a search space (33} may be defined. The UE 1 may perform PDCCH

.

monitoring within the SS. The following examples provide a

amn vk,

[
.Lg

general overview of S5Ss within the slot group

[0028] Throughout this description, reference is made to

Lis

“Group 17 to ldentify a set of consecutive slot groups

zach comprising (X} consecutive slots and “Group 27 to identify
a second set of consecutive slot groups each comprising (B)
consecutive slots. However, it should be noted that the terms
“Group 17 and “Group 27 do not confer any special meaning to the
siot groups. These terms are merely nused teo distinguish between
n some exemplary embodiments, the
Group (1) 88 includes a Type 1 CS8S with dedicated RRC

configuration and type 3 CSS, with UE specific $5. The RRC

H
_(\

configuration may coccur every slot/multi-sict. In addition, in
gsome exemplary embodiments, Group (2} 35 includes Type 1 CS3S8
without dedicated RRC configuration and type O, 0A, and 2 CS55.
This may be configured before RRC configuration and typically,
does not cccur as often, e.g., Type 0 may occur once every 20
nsec, Type 2 (paging) occurs in idle mode. However, this 1is

W

only an example and the “Group Group 2” slot groups are,

as described above, not limited to any particular type of slot
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[0028]

or different than the
and Group 2 may be ea
freguency resources an
domain. The examples p
paramneters {(e.g., slot
2 specific parameters
AY, In some embodiment

specific

0of configuration, a s
both the slot group si

the PDCCH monitoring s
utilizing/signaling an
UE 110 may utilize X
utilizing/signaling a

caramete

and different values

a single parameter may be used fo represent

and the PDCCH monitor:
of utilizing/signaling

110 may utilize

e

and

utilize/signal a v
UE 110 may utilize Y f
[0030] Fig. 2 shows

according t

ch

d

(e

Sy

parameters may

ingle parameter may

the

for bo

"3 may be the same

for others.

A

an example arrangement

various

and

“OUR

.g., slot group size

the

-
1
A

Group

be the same

PR e

specific
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1 may be the same as
r Group 2.
he same or 1

and Group

4 ]
CCH

PD

X
.
o))
e
—
Q.

span

parameters and the
alue. In this type
used to represent

for Group 1 and the sict group size fox
his type of scenario, a single parameler
PDCCH monitoring span for oup 1 and
n for Group 2. For exampl instead of

and B parameter th

Group 1 and Gr

,‘-+

t

he

s3]

rameuTer

T

Py
o

network and/or t©

oup 2. Instead, of
network and/or the

both Group 1 and Group 2. In some
specific parameters and the Group Z

value

In this

for some paramete

Ltype

(O3

T both the slot group
slot group size for Group 2. Separate
or the PDCCH monitoring span for Group 1
span for Group 2. For example, instead
n X and B paramelter the network and/or
for both Group 1 and Group 2. We the

A for

..... 3
ana

o0

from the network

exemplary embodiments.

and/or the

Group 2.

o
o4l

Grot
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includes a portion of & subframe 210 with siots indexed 0-11,
Greup 1 and Group 2 are be located on a same or different

freguency domain and may overlap in the Time domain. This
arrangement of Group 1 and Group 2 is not intended to limit the

exemplary embodiments in any way and 1s merely provided as a

general overview of the relationship bhetweern a Group 1 and Grougp

N

[0031] In this example, Group 1 is configured with slot
6 that comprise (X = 4) slots. Thus, in this
includes slots indexed 0-3, slot group

ots

‘
-

includes s.

may be simi

subframe 130.

[0032] Similar 2 is also configured with slot groups

=
-
]
-
e
-
[ep]
=
2
[
(o

N
R
e

252-256¢ that comprise (B = slots. Thus, slot group 252

i

includes slots indexed 0-3, sglot group 254 includes sliots

-1

indexed 4-7 and slot group 256 includes slots indexed 8-11.
this example, the arrangement of slob groups in CGroup 1 and

Group 2 are the same,

[0033] de

i
s}
r
I

@Q
)

N
-t
=y
i
'?

{2

lcted arrangement of Group 1 and

O

.
SN

Group 2 is not intended to limit the exemplary embodiments in

[t
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embodiments may apply To any appropr

ots per subframe, number

R N i) I3 4 ey oy = NN ey ] - + 1 NP BT o 1
gize, etc. Additional information regarding the relationship

between Group 1 and Group 2 will be provided below.
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[0034] A Group 1 88 may be configured within (Y} consecutive
siots of a slot group with a slot group size of (X} consecutive
slots. S a Group 2 SS may be within (A)
consgecutive slots of a slot group with a slot group size of (B)
consecutive slots. To differentiate between the 35S slots for
Group 1 and the S5 slots for Group 2, reference may be made to
“WGroupl” representing the (YY) consecutive slots of pl and
“AGroup2” representing the (A) consecutive slots of GroupZ. In
various examples below, YCGroupl and AGroup? are the same value.
However, the exemplary embodiments are not limited to a scenario
where YGroupl and AGroupZ are the same and may appiyv to YGroupl
and AGroup?2 being any appropriate value.

[0035] To provide an example within the context of Fig. 2,
YGroupl may be set to 1 slot and be configured to occur every
second slot of each slot group 212-216. Thus, the UE 110 may
perform PDCCH monitoring for Group 1 during one or more symbols
of slot index 1, slot index & and slot index 8. AGroup2 may also
be set to 1 slot and be configured to occur every second slot of

252-256. Thus, the

nonitoring for Group 2 during one
1, slot index 5 and slot index 8.

will be explained in

As

110 may perform PDCCH

slot index

Fh

symbols

more O

the

more detail below,

group be based on a time

mayv be based on a sliot index ™n0”
determined for Group?2 monitoring such that the YGroupl slots
overiap in time with the AGroupZ slots. For instance, continuing
with the example shown in Fig. 2, each instance of AGroupl may

overlap in time with each instance
may be beneficial for AGroupl and

PDCCH

L rToc

processi

10

of AGroup2. However, while it
AGroup? to overlap in time
e, MSM does not requl Chat
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S35 and the Group 2 $S overlap in time (e.g., “nG” for

[

Group

Group v be different than the “n0” for Group 2.

|_..\
[
p}
8]
b

[0037] The UE 110 may be configured with a blind decoding

7 1y

0
{BD) /control channel element (CCE) budget indicating the number
of blind decodes and the CCE size supported by the UE 110 within

/ e vy e o N e I N - | P . . - - ~
Y or A = max (YGroupl, AGroup2) per slot group. In sone

embodiments, the UR 110 may be required to report the BRD/CCE

budget for one or more slot group sizes 1f the UE 110 supports a
SC5 associated with a particular slot group size {(e.g., 120 KHz,

480 KHz, 960 KHz, etc.). In othe

h
not be regquired to report a BD/CCE budget for a slot

even if the UE 110 supports the corresponding 3$CS. In scome
embodiments, the BD/CCE budget may be hard encoded in 3GPP
Specifications or predetermined in any other appropriate manner.
During operation, when the UR 110 the BD/CCE budget may be kncown
based on the (X,B) (Y,A) values. For MSM, there may be a common

BD/CCE budget for all S$SSs.

(00387 The location of YGroupl within a slot group may be

maintained across different slot groups unless the parameter

*n0” changes. BD attempts for all Group 1 888 may fall within

[0039] The location of the AGroup? within a slot group 1

6]

5
H
L

maintained across different slot groups unless the parameter
“n0” changes. The reported capability indicates the BD/CCE

budget within Yor A =max (YGroupl, AGroup?} slots per slot group. To

provide some example configurations, when (X} and (B) are both
equal to § slots, YGroupl may be equal to 4, 2 or 1 and AGroupZ2

may be egual to 2 or 1. Thus, XorB =8 (YGroupl, AGroup?) =

(4,2),(2,2),(1,[1or 2]}, When (X) and (B} are both equal to 4 slots,

[
Y
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YGroupl may be equal to 2 or 1 and AGroup? be equal to 2 or

1. Thus, XorB =4 (YGroupl, AGroup2) = (2,2),(1,{Lor2]). When (X} and
{B) are both ecual to 2 slots, YGroupl may be equal to 1 and
AGroup2 may be equal to 2 or 1. Thus, XorB = 8 {YGroupl, AGroup2) =
(L{lor2].

[0040] Group 1 may support a type 1 common search space {Cf

(_,1
95

L

with dedicated radio resource control {(RRC) configuration, a
type 3 CSS and/or a UE specific 8S. Those skilled in the art

will understand that for the above referenced types of 35355, tThe

monitoring occasion may be confic

orthogonal fregquency divigion multiplexing (OFDM) svmbols of a
siot (e.g., Rel-17} or within a span comprised of appropriate
nunker of OFIM symbols (N} located anywhere within t

Thus, a Group 1 S35 may refer to a type 1 CS88 with dedicated RRC
configuration, a type 3 €8S and/or a UE specific S8. As
indicated above, these cne or more Group 1 SS types may be

configured to fall within YGroupl.

L0041 ] Group 2 may support & type 1 CSS withcout dedicated RRC

configuration, a type 0 CSS, a type 0A CS3 and/or a type Z CSS.
led in the art will understand that for the above
tyvpes of 35Ss, the monitoring occasion may be any OFDM

symbol of a slot within a span of 3 consecutive OFDM symbols or

within a span comprised of any appropriate number of OFMD
symbols (e.g., N). Thus, a Group Z SS may refer to a type 1 (CS3

without dedicated RRC configuration, a type 0 C35,

joN
ot
~g
T
()
@]
N
)
€8]

@2}

and/or a type 2 (S

00427 Those skilled in the art will also understand that

Rl % + N

vee 1 CSS corresponds to random access, type 0 CSS corresponds

to initial access, type O0A CSS corresponds to other system
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information (03SI) and type 2 CSS corresponds To paging. The

location of these types of 8385 may correlate tTo the

ot

block (SSB) and thus, the symbol location

of the Group 2 5Ss may be more complex to control compared to

o oz e N S N TT 1 d { ¢ - - i v e maaosed ey e
ccation of Group 1 S5 {(e.g., YCGroupl) may be based on the

i

(00437 The exemplary embodiments are also described

T‘\

gard to a CCORESET. Those skilled in the art will understand

that a CORESET may define resource blocks and a number of

syrmbols available to a PDCCH 5SS set. Thus, a S5 set may be

mapped to a specific CORESET.

[00447] The CORESET may comprise parameters such as, but not

limited to, frequency domain resources, a duration (e.g., a

]
o
D
=
O
Fh
O
[
ct
-
Q

gonal frequency division multiplexing

gymbols) and a Transmission configuration indicator (TCI) state
The TCI state may indicate that a beam is guasi co-located {QCL)
to a specific SSB and define a CS8S. Thus, the TCI state may
indicate the location of one or more $3s relative to the SSB. As
will be described in more detail below, the CORESET and its
corresponding parameters may be used to configure MSM at the UE

110.

00457 If there iz a single TCI state in the CORESET

I
parameter structure, then the UE 110 may assume QCL between
PDCCH and S83B/channel state information (C8I)-reference signal
n scme embodiments, there

T
may be multiple TCI states listed. In this type of scenario, the
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PDCCH medium access control (MAC) control element (CE)
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UE 110 has not vet recelved the MAC CE, the UE 110 may assume a

QCCL between PDCCH and 8388 that was selected during the initial

access procedure.

(00467 The exemplary embodiments are also described with
regard Lo a 58 set. The SS set may use the CORESET to define
specific resource blocks and svmbols where the UE 110 may
attempt tc decode PDCCH. The S8 set may be based on parameters

such as, but not limited to, a CORESET ID, a PDCCH monitoring

periodiclity and offselt parameter with reference to a slot

t
3
)
h
=
Q
=
D
8}
%
(u
t
[
Q
)

(e.g., a nunmber of slots) over which the
S8 is valid and & monitoring symbols within a slot parameter. As
oo

will be described in more detail below, the 85 set and its

corresponding parameters may be used to configure MSM at the UE

N

echniques for

(‘f'
=

F0047] The exemplary embodiments introduce

implementing MSM. In one aspect, the exemplary embodiments

relate to MSM parameter signaling. In ancther aspect, the

exemplary embodiments relate to the initial configuraticn of
ST 1 88, In a further aspect, the exemplary embodiments

relate to Group 1 338 sat beam adaptation and Group 2 58 set beam
adaption. In another aspect, the exemplary embodiments re
aggregation ({(CA) scenarlios.

will be described in more detaill

echnigues described herein may be
used independently from one ancther, in conjunction with
currently implemented MSM technigues, in conjunction with future
implementations of MSM techniques or Iindependently from other

MSM technicues.

[0048] Fig. 3 shows a method 300 for MSM according to wvarious

exemplary embodiments. The method 300 is described from the
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perspective of a UE 110 and provides a general overview of MSM,
The method 200 is not intended to limit the exemplary
embodiments in any way. Instead, the method 300 is intended to
illustrate one example of how the exemplary aspects referenced
above may relate to one anocther when the U 110 1s deploved.
F0049] In 305, the UE 110 receives MSM parameters. Gensrally,
The MSM parameters may enable the U 110 to perform MSM. To
provide some examples, the MSM parameters may include but are
not limited to, a zlot group size {e.yg., X, B}, a time offset
{e.g., n0) and a span of PDCCH within a slot group (e.g., Y, A).

f00507] In some embodiments, MSM may be activated and
deactivated. For example, an MSM state for the UE 110 may be
activated and/or < by the network via a MAC CE
activation command or any other appropriate signal. Thus, in
some embodiments, the UE 110 may transition between an active
MSM state where the UE 110 is to perform MSM using particular
parameters and an inactive MSM state where the UE 110 may be
configured with the MSM parameters but does not actually perform
MSM using the corresponding MSM parameters. As will be described

the UE 110

onfi

in more below, may be ¢ gured with multiple
MSM states and the network may activate an MSM state using a MAC
CE activation command.
[0051] In 310, the UE 110 configures Group 2. In 315, the UE
110 configures Group 1. The Group 1 83 set and the Group 2 S8
set may ke configured based on MSM parameters explicitly
gignaled to the UE 110, implicitliy signaled to the UE 110 ox
preconfigured at the UE 110. In some embodiments, the UE 110

receives
122048 and

o
~d




WO 2023/077474 PCT/CN2021/129137

other embodiments, the UE 110 configures Group 1 and Group

=

N

without any explicit instruction

“)

rom tThe network.

[0052] Ag indicated above, in some embodiments, the UE 110

»-«

may determine tThe 1

@)
¢
W
p
l_l
O
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O
h
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]
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O
o
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; o ) . .y
X 35 (e.g., YGroupl)

within a slot group based on a time offset (n0) parameter

|
]

defined relative to the slot group and corresponding t

the

-
<

.ocation cof the Group 2 35S within a slot group. To provide an
example, the Group 2 SS may be scheduled Lo occur every second
slot of a slot group. Thus, the UE 11

0
for Greoup 2 (e.g., nO grp2) based on The location

;5
O
h
1
o]
0O
jor
T
N

within a slot group comprising (B) slots. The time offset for

Grocup 1 (e.g., n0 grpl) may be derived by the UE 110 based the

time offset for Group 2. Throughout this descriptic

;5
+
O
]
0
9
3
O

embodiments, "n0” may generally refer to both the time offset
for Group 1 (n grpl) and the time offset for Group 2 (nl grp2)

o)
since these parameters may be the same.

[0053] In 320, the UE 11C performs MSM using Group 1 and the
ther there 1is a change

MsSM parameters. F¢

parameters may be
changed due to beam management because when a downlink beam for
PDCCH is changed, the location of the Group 2 $Ss may also

yeation of the Group 1 8Ss may be based on

-
e}

change. Since the
the location of the Group 2 SSs, a change to the beam may also

cause a change to the location of the Group 1 58s.

F00547] If there is a change to the MSM parameters, the method

300 continues to 330.

n 330, the Ui 110 updates the Group 1 and

Group 2 configurations based on the change to the MIM

parameters. Examples of updating Group 1 and Greoup 2

configurations in response to a beam change are provi
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[0055]
ethod 300

MSM usi

[0058]
embodiments

MSM paz

[0057]

i

embodiments

gNB 122

(0058}
already
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roup 1 and Group

until the MSM

As mentloned above,

reiate to MSM

f]
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.

Fig. 4 shows a si

to the UE 110 ac

. The signalin
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In this example,

type of base stat

the gNB 1220A

1200 of Fig. 12

In this example,
onfigured with a

set. Thus, in 405,

]

In 410, the UE 110

CORESET. For example;

the ghNB 12204

the PDCCH from

'hose skilled in the

oo
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erforms M3M using the

continues to perform

110 may continue to

ted, the PDCCH is

condition occurs

the exemplary

naling. In one approach,

TN vard AT CORT ST
110 within a CORESET.

400 for providing MSM

arious exemplary

udes the UE 110 and a

1220A may represent any

onal

jj_g,

)

p-a-

Group 1 S3S sel and a

erforms MSM using

o~

CE indicating a beam

CE may indicate to the
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second different

understand that, in some
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embodiments, ¢

o

beam index may be utilized by the UE 110 and/or

the network to differentiate between different downlink beams.

FO060] In 415, the UE 110 receives one or more RRC messages
from the gNB 1Z20A indicating a reconfiguration of the 35 sets
associated with the CORESET. The CORESET parameters and/or the

one or more RRC messages may explicitly or implicitly indicate

in respounse to the beam change. Thus, the CORESET and/or the RRC
messages may be used to reconfigure the timing (e.qg.,
periodicity and offset) of the Group 1 and Group 2 S8 sets

O
associated with the CORESET.

FO0611] In one example, parameters such as a slot group size

=

{e.g., X, B}, a span of PDCCH within the slot group (e.g., Y,
A}, and the time offset {(n0) may be explicitly signaled to the

UE 110 in the one or more RRC messages.

[0062] In another example, a slot group size {(e.g., X, B) may
be explicitly signaled to the UE 110. Other parameters such as,

the span of PDCCH within the slot group (e.g., Y, A) may be

implicitly signaled via the CORESET duration {e.g., a number of
OFDM symbcols) and the time offset (n0) may be implicitly
signaled from the TCI state of the CORESET which may be based on

ed in the art will understand

that the initial access SSB may identify the location of type O

ocation of the

l...l

C58. This may indicate to the UE 110 the updated

Group 2 83 set.

[00&63] For S8 types other than type 0 CSS, the S5 set mavy be

reccnfigured to map to the new CORESET and the new CORESET may
T

indicate the timing information for the other $Ss. In this type
of scenaric, the UE 110 may utilize a legacy periodicity and

18
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prarameter for the S5, change the periodicity and offset
for the 83 indirectly using integer multiplie of a slot group
size and a time offset (n0) within the slot group or reconfigure

- M - - - - - EE - - 1 R [ - B [ —
The offsett of the 83 to match the (nd) parameter.

[0064] In a further exampl a slot group size

)
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and the time offset parameter (n0) may be explicit
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the UE 110 in the one or more RRC messages. The span of PDCCH
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within the slot group may be

NTOT

duration {(e.g., a number of OFDM gymbols).

[00&5] In 420, the UE 110 may perform MSM using the updated
Group 1 and Group 2 85 sets. On the network side, tThe gNB 1220A

may signal control channel information to the UE 110 in a

CORESET on the PDCCH at a time and freguency location
corresponding to the updated Group 1 and Group 2 58 seats (not

FO066] As mentioned above, the UE 110 may be configured in a
MSM state. The MSM state may ke signaled to the UE 110 asg a

separate parameter or may be included in a TCI state. The ¢giNB

[

1220A may utilize the MAC CE activation ccmmand to activate the

[
[
¢5)
=
[

[0067] Fig. 5 shows a signaling diagram 500 for providing

parameters to the UE 110 according to various exemplar

o))

embodiments. The signaling diagram 500 includes the UE 110 and

[0068] In this example, 1t is assumed that the UE 110 was

J)

previcously configured with a Group 1 and Group 2. Thus, 1in 505,

the UE 110 performs MSM using Group 1 and Group 2.

[
[¥e)
&S
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UE 110 receives a MAC CE indicating a beam
nge in a CORESET. For example, the MAC CE may indicate to the
UE 110 that the gNB 1220A is to change a ink beam for the
CORESET on the PDCCH from a first beam to a second different

beam. This is similar to 410 of the signaling 400.
[O0070] In the signaling diac
signaling t

is configured
Group 1 S8

there may be mu

;,,
k.‘

sir

set and/or

to

0

()

tiple MAC
1gle MAC CE applicable

update

instead of

Sroup

2

sffzet of a
S5 set. In some embodiments,
CEs, one for each SS orx

to all $S8s

there m

ay be a
n one examp
{fe.g., %X, B}, a span of
Ay, and the time offs
may be explicitly signaled to the UE 110 in the one or more M
CEs .
[0072] n another exawmple, & slot group size (e.g., X, B)
may be explicitly signaled to the UE 110 in the MAC CE. Other
arameters such as, the span of PDCCH within the slct group
(e.g., Y, A) may be implicitly signaled via the CCORESET duration
{e.g., a number of OFDM svywbols) and the time offzget (nl) may be
implicitly signaled from the TCI state of the CORESET which may
be based on an initial access SSB. Those skilled in the art wilil
understand that the initial access SSB may identify the location
of type 0 C8S. This may indicate to the URE 110 the updated
location of the Group 2 S8 sef 1f the Group 2 5¢
CSs.
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[0073] In

and the time

e UE 110 in

the slot group

duration (e.qg.,

[0074] In

[

nay signal control
ESET on the

corresponding

@ or more MSM
0 as a separ:

'he gNB 122047

[00786] There

a new CORESET

OWs an eXaumplie

CE field inc

addition, the

ndicates

=

o~
exr

-

Ags mentioned above,

parameter

:,..J
o
[

n
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.
Q
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single MAC

o

CE. In this example, th

above, The singl

CE field

MSM parameters.
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be explicitliy signaled to
The span of PDRCCH within

ed via the CORESET

rm MSM using the updated

3

L2204

-
U
ot

and Group 2 88 sets (not

110 may be configured with
may be signaled to the UE

included in a TCI state.

activation command to

formation. o some

CE that indicates timing

multipie 85 sets. Fig. ©

N
®

and a 388 ID. As

may map to multiple SS sets.
lude an MSEM state ID that

relevant timing information for the S5 get and/or
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f0077] In other embodiments, the MAC CE may configure

O
h

multiple S35 sets. For example, the MAC CE may include a list

SS IDs and their corresponding MSM information. Fig. 7 sho

=3

)
o
-
o

example, of this type of MAC CE field and includes a serving
cell ID and a list of multiple 55 IDs {(e.g., SSID1 - SS5ID(n) ).
D corresponding to each S8

indicate relevant timing information for the S5 set and/or other

m
b
o
o
o)
o

MSM parameters for the 8S set ID. In v embodiment, the

MSM timing information for one or more 5¢ may be combined

with the CCRESET MAC CE,

correspond to a legacy pericodicity and offset. In another
example, a change in the periodicity and offset of a 58 set may
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periodicity and offset are integer multiples of the slot group

-
1
Al

size plus the offszet (n0) within a ot group derived from CSS
type 0. In another example, the MAC CE may be configured to only

change the timing offszet of a S35 set.

TakY

[0079] In another approach, the MSM parameters may be
provided to the UE 110 using a default configuration. For
instance, like in the signaling diagrams 500-600, there may be a

beam change in a CCRESET using a MAC CE. The default

=

ot

i..l
5
-
O
H
0
&

|_.I
O
3
s

configuration may be then used to update the Timing

for the S35 set (e.g., periodicity, offset, etc.).

-

type U configuration. In another example, the default

configuration may be that the 55 set configuration is based on a

[
0
D
(_

egacy configuration plus the timing offs parameter {(nd;.

Here, the legacy monitoring periodicity and offsel maps Lo a
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beginning of a
{n0) based on C

PCT/CN2021/129137

slot group and the 110 may add the time offset

55 type 0 configuration.
further approach, the MSM parameters may be

signaled to the UE 110 using a combination of RRC messages, a
MAC CE and downlink control information (DCI). To provide an
example, in Third Generation Partnership FProgram {(ZGPP) release
17 (Rel-17), a TCI state may be modified by the MAC CE and the
DCI. Thus, a beam change in the CORESET may be signaled by the
network using DCI. Then for each 33, the DCI mayv be utilized to
update the periodicity and offset. This i1s similar to the
example shown in the signaling diagram 500 but instead of a MAC
CE, DCI is used to update the 535 configuraticn. The joint TCI
state framewcrk in Rel-17 may be leveraged to update the S5 set
configuration for MSM. In this example, one or more RRC messages
may be used by the network to configure a pool of available
TCI/MSM states at the UE 110 (e.g., 64 TCI/MSM states or any
appropriate number) . Next, the network may use a MAC CE to
activate a subset of the TCI/MSM states at the UE 110 (e.g., S

appropriate number). The network may then

use DCT to indicate which of the activated TCI/MSM states are to
be usged to configure the 355 sets

[0082] In ancother aspect, the exemplary embodiments relate to
a UE procedure for the initial identification of the time offset
{n0) for the Group 1 S8 set. Two approaches are described below,

a first approach relates to identifving YGroupl based on a
AGroupZ2 configuration. A second approach relates to identifying

(00837

parameters
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[0086] The UE 110 alsc identifies the location of a SSB 810
{e.g., 5SB offset). Since certain ftypes of $S5s correspond to the
location of the $3B, the UE 110 identify the offset parameter
{n0) relative to the siot group size based on the subframe 805
boundary, the SSB offset and the slot group size. As describec
above, the n0 may indicate the location of the one or more slots
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- N o i - SR ]
performed {(e.g., YGroupl,

AGroup?2). The location of the YGroupl within a slot group may be
maintained across different slot groups unless the parameter
*n0” changes, Similarly, the location of the AGroup2 within a
siot group may be maintained across different slot groups unless
the parameter "n0” changes. Thus, in this example, each
subsequent slot group includes a YGroupl and AGroup2 at the same
location within the slot group.

[0087] For initial access, the siot group =zize (e.g., X, B)
may be set teo a default value depending on the SCS (e.g., 4 for
480 KHz, 8 for 960 KHz, or any other ap propriate value) .
Alternatively, for initial access, the value of the sict group
size (e.g., ¥, B) may be signaled in PBCH. In other enbodiments,
the zslot group size {(e.g., X, B) may be defined via RRC
configuration.

[o088] The UE 110 may then estimate nO grpl for the Group 1
35 based on the position of the Group 2 38 within (B). As
indicated above with respect to Fig. 2, YGroupl and AGroup2 may
overlap in time. The UE 110 may set n0 grpl based on n0 grpZ.
(00891 n another embodiment, the UE 110 may recelve a Group
1 85 n0 differential parameter from the network {e.g., gNB
1220A . The UE 110 may then estimate nC grpl from nl0 grpZ and
the n0 differential.

[0080] As indicated above, nC grpl may be the same nl grpZ so
YGroupl and AGroup2 overlap in time. To provide an example,
conglider a scenario where X and B = 8: (YGroupl, AGroup2) =
(4,2). Bach slot group is 8 slots long, the Group 1 S8 is 4
siots long and the Group 2 8% is 2 slots long. The first two

N

o
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glots of the CGroup 1 88 may overlap in time with the two slots
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[0081] In other embodiments, n0 grpl may be equal to n0 grp2

plug/minug an offset such that YGroupl and AGroup? overlap at
the end. To provide an example, consider a scenario where X and

B = 8: {(YCroupl, AGroupZ) = {(4,2}. In other words, each slioct
O

group 1s 8 slots long, the Group 1 55 is 4 slots long and the
Group 2 S5 is 2 slots long. The last two slots of the Group 1 38

may overlap in Time with the two slots of the Group 2 S$5.
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ue of n0 may be indicated by

RRC message that indicated the slot group size (e.g., X, B). In
one example, a single value of the time offset nl mavy be

signaled for both YGroupl and AGrcupZ. In ancther example,

separate time offset n0 values are signaled for both YGroupl and
AGroupZ2. In a further example, a single time offset nd may be
signaled for YGroupl and the time offset for AGroup?2 may be

derived by the UE 110C.

[0083] In a further aspect, the exemplary embodiments re
to Group 1 355 set beam adaptation. As will be described in more
all below, the exemplary embodiments intrcduce techniques
that enable the network and the UE 110 tc change the Group 1 88

set configuration when there is a change of beam due to beam
management. In one approach, the change in the configuration of

the Group 1 and Group 2 S8 sets may occur in a particular oxrder.

First, the UE 110 receives signaling indicating a change in 5SB
the Group 2 38 set {(e.g., AGroup2). Second,
the UE 110 identifies and/or receives signaling to determine the

the Group 1 35S set {e.g., YGroupl).
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n another example, a dedicated field may be

introduced for this purpose. From the UE 1106,

the new location Group 1 SS set may be after

the DCI is decoded or the UE 110 may have to send an

acknowledgement (ACK) to the base station before tThe new

3

ocation of the Group 1 35 set may be considered wvalid.

Group 1 88 set beam adaptation,

activation command to indicate
the new location of the Group 1 $8 szet. In one example, this MAC

CE activation command may be provided in conjunction with

5
1
}

updating a TCI state configuration. In another example, this MAC

CE activation command may be provided in conjunction with a SS

-
H
1.

set configuration. From the perspective of the UE 11

example, the new location of the Group 1 S3 set may be

considered wvalid no later than 3 milliseconds (ms) after a
d

hybrid automatic repeat request (HARD-acknowle

{
Q,

ts]
o
=
[
]
1
Q]
=
h
)

physical downlink shared channel (FPDSCH} that carries a MAC CE.

~

The previous location of the Group 1 85 set may be valid up

until the switching point plus 3 ms after the HARQ-ACK is sent

to the base station.
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set may be considered valid at any appropriate time.
[0099] The following description provides additional details

for the above referenced example in which the MAC CE activation
command indicates the new location of the Group 1 5SS using an
updated TCI state configuration. In this example, the UE 110

receives an RRC configuration of the TCI indication for Grou

o

[a
C
}...X

35S parameters.

(001001} In some embodiments, if on e TCI state is

83}
0
.
]
!

listed within the ControlResourceSet parameter structure, the UR

=
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110 may assume quasi co-location (QCL) between the PDCCH and
=

58B/channel state information (CSI)-reference signal (RS)
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TCT

between the TCI state and the 3S8B, then the time offset for

Group {(e.g., n0 grpl) may be derived from the time offset for

/

Group 2 (e.g., n0O grpZ)} of SSB in the TCI state. If there 1s an

F_.J
CA
ot
o
[ms
a

i

asgsociation between the TCI state and a channe

gnal (R

]

), Then the time offset
be derived from the time offset

SSB OCLed with the CSI-RS.

2
However, 1f there is no SSB (QCLed with CSI-RS then an additional
S8R parameter may be added to the TCI state. Alternatively, a
defaullt 5SB may be configured as the basis for the QCL
relationship. For instance, the UE 110 may assume a QCL betweern
the PDCCH and the $S8B used to decode the master information

block (MIB). In another e

be provided as the QCL source for the CS8I-KS by the network.

F00L01] Explicit signaling may also be used. For example, a

/

.ue for the time offset (e.g., nl _grp

o)

field va ; may be added to
state. The UE 110 may not expect the time offset for

Group 1 to be different than the time offszset for Group 2 (e.g.,

ternatively, the time offset for Group 1 may be

different than the time offset for Group 2 but the location of

the Group 1 $S may be configured to overlap in time with the

P

ocation cof the Group 2 35.

[00102] In some embodiments, if multiple TCI states are listed

s

within the ContrcolResourceSet parameter structure, a new MAC CE

may be introduced for Group 1 and/or Group 2 which may be

N
o]
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W
i

referred to as TCI state i1indication

[

control element.” Thus, in addition t«

command, another MAC CE may be provide

o N (o
states.

[00103] In one example, a single MAC CE may be used for MSM

-’
H
L

and beam management ., Each TCI state may be configured to include

an indication of a corresponding Group 1 35 configuration {(e.qg.,

ime offset (n0), slot group size (e.g., X,

, PDCCH monitoring span {e.g., Y, A}, etc.).

[001041] In another example, a separate MAC CE may be used for
MSM and beam management. One MAC CE may be used to provide a TCI

state indication for the MSM coffset. This exemplary MAC CE may

[
+
T
®
e
.
=3
]
@)
J
-
)
]

include a

fset (n0} for the Group 1 8S3. In
gome examples, the MAC CE may also include fields for cother
Group 1 S8S parameters, e.g., slot group size {(e.g., X, B} ,

PDCCH monitoring span (e.g., Y, A), etc.

por} i g =

001051} In a further example, a
b

both M3M and beam management using diffe

and the beam management. In this example, each TCI state may ke
enhanced to include an indication of & corresponding

for a Group 1 55 via explicit or implicit signaling.

(001061 There may be scenarics in which DCI ma

L«'
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]
o
ct
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the exanples provided above instead

e}

when Rel-17 unified TCI ig configured, the TCI for CORESETSs may

be updated by DCI. In this scenario, the MAC CEs in the examples
provided above may be replaced by DCI or a configuration

o

corresponding to a TCI codepoint in PCY when TCI is present

[
)

the DCI.
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ST
JL

fO0107] In addition, there may be sce

without TCI indications are

assumption after random access, CORESET
beam failure recovery, etc.). In this t
default value for the parameter may be

aspect, the exempl

beamn adaptation.

embodimen additional

f

selt

confi are provided below.

1ration

i

L

f00108] As mentioned above,

0 CSs3, type OA C8S, a type

the

a

0 C88, the location

ted SSB. type

YE

2

wit
type

anywhere slot. However,

without RRC configuration

are limited in

Thus, the location

the associated

ype 1 W:t
be limited within AGro

example, the Gro:

eriodicity

group size

group

equivalent ¢t the

That to AGroupZ,

-i-f aQ

i fale)

number -slot groups

However,
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narios in which CCRESETs

.g., CORESET #0 QCL
s QCL assumphtion aft
vpe of scenario, a
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used bkased on

e

s T &

L

ary embodiments rela

DT
L

T

pri o discussing

det S 2

}
}
o

i1

k'P
L)
9]

for Group

i

g,
O

o))

and/or

55 may

t

~ N
jSO RV R

dedicate

o

S

S

up?2

set configur
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gymbols within a slot parameter that specifieg a bit string that

indicates the symbols within AGroupZ that the $$ is located. The

be provided by the network using an exact number

or the UE 110 may derive the periodicity by multiplving the

(57N

legacy wvalues by (X) or (B

SS set offset parameter, a monitoring svmbols within AGroup?Z
parameter may be utilized that specific a bit string that

indicates the symbols within AGroup2 that the 55 is

FO0111} Alternatively, the location may be limited to the same
£s that are used by type ¢ CSS. In this example, the Group 2
S8 set configuration may be a function of periocodicity (e.g., a
multiple of the slot group size (e.g., X, B}), a duration {e.g.,
a nurber of multi-slot groups that the $S covers) and monitoring
symbols within AGroup?Z parameter., In some embodiments, ilnstead
of the monitoring sviwbols within AGroup? parameter, a monitoring
g within type 0 CS8SS parameter may be utilized which
gspecific a bit string that indicates the symbols within the Lype

0 C88 symbols that the SS 1s located. In ancother alternative

[00112] For Group 2 SS sef beam adaptation based on a change

£ oo - - 8 o o - " - ~ 4= - S i N B o
of CS3 type 0, in some embodiments, the configuration of C38

type O0A/1/2 mayv be identical to the new €388 type O location. In
other embodiments, a reconfiguration of CSS type CA/L without
daedicated RRC configuration/2 may be required. In a further

Y 0

embodiment, the gNB may define multiple €3S type OA/1 without

dedicated RRC configuration /2 configurations and use MAC CE

-4

ctivation to identify the updated CSS type CA/1 without

dedicated RRC configuration /2 configuration that is tc be

¥
A

I
8]

lized by the UE 110. In another embodiments, the
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34 - .
dicate

|4

0A/1 without de d REC

type

be configured using DCI based signaling.
aspect, The exemplary embodiments relate to

-

for CA. In the lowing examples,

component carriers (CC are configured with

there may not be an offsel between

ample,

gsecond different CC

=
a

slot 81 time

group anda

(X))

offset between the CCs

I
may be

relative to the slot group the primary cell (PCell). The
location of the slot group in the other CCs is shifted based on
the offset and the S5 sets between (CCs are configured to align.

~r e <=
example of
is 1 slot

@)
i
bt
Hh
[©)
I
@]
[
[
-+
(D]
—
A2

slot

the

PCell

0Oh
o
P S
LD
oy
a Lo
77O
3ize

based

O

o1l

CC.

Cell CC may be configured with a slot group
exed 0~3 and a second CC ({e.g., secondary
other appropriate source of a second

group slots

comprising

is configured within

the offset to ensure alignment of with the
In a further example, there may be no slot

alignment restrictions.

X e e v
be that CCs

assumed

Cs. Thus, the slot group size (X} a e

be different for each SC5 and configured to
tween CCs. An example of this is shown in

t CC 1005 is configured with a 2¢0 KHz SCS,
= 8) slots and a S% size (Y = 1} slot. A

o
@]

is configured with 960 KHz SCS, a slot group size
and a 58 size (Y = 1) slot. A third CC 1015 is
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configured with a 480 KHz S8CS, a slot group size (X = 4) slots

and a 88 size (Y = 1) slot.

FO0115] In another example, there may be an offset between CUls
relative to the slot group of the CC with the smalliest 3CS {or

largest duration). Generally, this CC may correspond to the cel

ot

with the smallest servingCelliIndex and the smallest SCS. The

-

location of the slot groups in the other CCs may be shifted

bazed on the offs

O’\
]
us
o
for)
-t
9]
@]
]
h
‘}._

\ (\
"l/

Q.

to align 8Ss in
“Cs. An example of this is shown in Fig. 11 where a first CC

-
1
A

1105 1s configured with a 960 KHz SCS,

83}
0
O
t
O
I
O
-
(@]
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:,_.I
™
D
8¢
0

slots and a 58 size (Y = 1) slot. A second CC 1110 is
configured with 9260 KHz SCS, a slot group size (x = 4) slots and

a S8 size (Y = 1) slot. A third CC 1115 is configured with a 480
KHz 8CS5, a slot group size (X = 4) slots and a S35 size (Y = 1)

siot. In this example, the $S8Ss fo

)
i

=

on

o
4

)

83}

a
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=
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.

[©)] (
t+

-y

D

=

o]
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D

n

purt

w

@]

wn

align based on the third CC

of the three CCs 1105-1115.

[G0116] In a further example, there may be no slot group

[

te]
-
=
=

ment restrictions for Group 2 while alignment restrictions

are kept for Groupl. In this case, although Group 1 55 sets are

located in a manner suitable for UE implementation, it is

-
}_l
@

that there may be some overlap or proximity between the

oS sib

and YGroupZ are both located within

the same slot of a subframe (e.g., slot index 0)

number of $8s within a same siot or separated by less than a

predetermined number of slots (e.g., 1 slot, 2 slots, 3 slots,

etc.) . Thus, to prevent scenarios, the UE 110 may

g,

Group 2 S5 and/or located

drop Group 1 S8 located

34
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less than a number of slots away from the Group

S3. The number

(J

d on the UE

-

 «
oL 5

2
otg may be predetermined/specified, may be base

capability or on a gNB configuration.

[00117] Fig. 12 shows an exemplary network arrangement 1200
according to various exemplary embodiments. The exemplary

network arrangement 1200 includes the UE

the art will understand that the UE 110 may be any type of

electronic component that is co to communicate via a

network, e.g., mobile phones, tablet computers, desktop
computers, smartphones, phablets, embedded devices, wearables,
Internet of Things (IoT) devices, etc. It should also be

understood that an actual network arrangement may i

n
nunker of UEs being used by any number of users. Thus, the

-l

example of a single UE 110 iz merely provided for illustrative

purposes.

[oo118] The UE 110 may be configured to communicate with one
or more networks. In the example of the network configuration
1200, the network with which the UE 110 may wirelessly
communicate isg & 5G NR radic access network (RAN) 1220. However,
the UE 110 may also communicate with other types of networks
{e.g., 2G cloud RAN, a next generation RAN (NG-RAN), a long-term

sl

evolution {(LTE) RAN, a legacy cellular network, a wireless local

i3]

area network (WLAN), etc.) and the UE 110 may also communicate

ja—

with networks over a wired connection. With regard fo the
exemplary embodiments, The UE 110 mayv establish a connection
with the 5G NR RAN 1220, Therefore, the UE 110 may have a 5G NR

chipset o comnmunicate with the 5HG NRE RAN 1220,

[00118] The bG NR RAN 1220 may be a portion of a cellular

network that may be deploved by a network carrier (e.g

-3

LY
EA

-Mobil

o)

Verizon, AT&T, :, elte.). The 5G NR RAN 1220 may include,
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for example, nodes, cells or tions {(e.g., Node Bs,
eNodeBs, HeNBs, eNBS, gNBs, gNcdeBs, macroc

~ells, femtocells, etc.) that are confi
receive Ttraffic from UEs that are egulpped with the appropriate

ellular chip set.

F001201 Those skilled in the art will understand that any

assoclaticn procedure may be periormed for the UE 110 to connect

..... . For example, as discussed above, the 5G
NE-RAN 1220 may be assoclated with a particular cellular

provider where the UE 110 and/or the user thereof has a contract
and credential information {(e.g., stored on a S5IM car

d)
detecting the presence of the 5G NR-RAN 1220, the UE 110 may

with the 5G NR-RAN 1220, More specifically, the UE 110 may

001211 The network arrvangement 1200 also includes a cellular
core network 1230, the Internet 1240, an IP Mult
{(IMS}y 1250, and a network services backbone 126¢0. The cellular

core network 1230 may refer an interconnected set of components

-

and traffic of the cellular network.

Q
+
,_’§
S)]
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te]
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oy
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It may include the evolved packet core (EFC) and/or the fifth

manages the traffic that flows between the celiular network and

the Internet 1240. The IMS 1250 may be genc

._
o
=
&

ally described as
;

an architecture for delivering multimedia services to the UE 110

using the IP protocol. The IMS 1250 may communicate with the

[

cellular core network 1230 and the Internet 1240 to provide the

~

multimedia services to the UE 110. The network services

backbone is in communication eithe:

o
[2)
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with the Internet 1240 and the cellular core network 1230. The

set of components {e.g., servers, network storage arrangements,

etc.) that implement a suite of services that may be used to

extend the functionalities of the UrE 110 communication with

ﬂ
N
E_.A.
5]
o

the various networks.

[

m

L00122] Fig. 13 shows an exemplary UE 1

exemplary embodiments. The UE 110 will be described with regaxrd

to the network arrangement 1200 of Fig. 12. The UE 110

include a processor 130D, a memory arrangement 1310, a display

device 1315, an input/output (I/0) device 1320, a transceiver
1325 and cother components 1330. The other components 1330 may
include, for example, an audio input device, an audio ocutput
device, a power supply, a data acguisition device, ports to
electrically connect the UE 110 to other electronic devices,

i

oA
ctC.

[00123] The processor 1305 may be configured to execute a

include & MSM engine 13 35 may perform

0 according to varicu

e, the engines may

3
various operations related to the exemplary techniques described

-
above including, but not limited to, receiving MSM parameters,
identifying a time offset for Group 1 85 set {(e.qg., YGroupl),
identifyving a time coffset for Group 2 $S set {(e.g., AGroup2),

.

S8 beam adaptation and Group 2 §S

L00124] The above

=

~eferenced engine 1335 being an applicati

on

{e.qg., a program) execulted by the processor 1305 is merely

provided for iliustrative purposes. The functicnality assoclated

with the engine 1335 mav alszso e represented as a s«
) 4 I

e
incorporated component of the UE 110 or mayv be a moduls
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component coupled to the UE 110, e.g., an integrated clircuit
with or without firmware. For example, the integrated circuilt
may include input circuitry to receive signals and processing

circultry to process the signals and other information. The

engines may also be embodied as cne application or separate
applications. In addition, in some UEs, the functiocnality

described for the processor 1305 is split among two or more

aseband processor and an applications

X

Lrocessors such as &
preocessor. The exemplary embodiments may be implemented in any

nl

these or cother configurations of a UE.

[00125] The memory arrangement 1310 may be a hardware

.

related to operations

8]

component configured to store dat
performed by the UE 110. The display device 1315 may be a

hardware component configured Lo show data to a user while the

1/0 device 1320 may be a hardware component that enables the
user Lo enter inputs. The display device 1315 and the I/0

device 1320 may be separate components or integrated together

such as a touchscreen. The a hardware

component configured to establish a

the 5G NR-
ured), a legacy RAN (not

pictured}, a WLAN (not pictured), etc. Accordingly, the

transceiver 1325 may operate on a variety of different

freguencies or channels {(e.g., set 0of consecutive freguencies).

[001286] Fig. 14 shows an exemplary base station 1400 according

Lo various exemplary embodiments. The base station 1400 may

s}

represent the gNB 1220A or any other access node through which

the UE 110 may establish a connection and manage network

38
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[00127] The base station 1400 may include a processor 1405, a
1410, an input/output (I1/0) device 1415, a
and other components 1425. The other
components 1425 may include, for example, an audio input device,
an audlio output device, a battery, a data acguisition device,
ports to electrically connect the base station 1400 to other
electronic devices, etc.
Fo01281 The processor 1405 may be configured to execute a
piurality of engines for the base station 1400. For example,

the engines may include a MSM engine 1430. The MBM engine 1430
may perform various operaticons related to the UE 110 performing

limited to,

signaling MEM parameters to
the UE 110, signaling a bheam change and scheduling PDCCH
resources for the UE 110.

[00128] The

{e.g., a am) executed by

engine 1

Che

A 20

430 belng

{e. progr processor 1405 is only
exemplary. The functionality assoclated with the engine 1430
may also be represented as a separate incorporated component of
the base station 1400 or m be a modular component coupled to
tLhe base station 1400, e.g., an integrated circuit with or
without firmware. For examp the integrated circult may
include input circuitry to receive signals and processing
circuitry to process the signals and other information. In
addition, in some base stations, the functicnality described for
the processor 1405 is split among a plurality of processors

{e.g a baseband processor, an applications processor, etc.).
The exemplary embodiments may be implemented in any of these ox

other configurations of a basse

Lo

e
&S

station.
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[00130] The memory 1410 may be a hardware component configured
Lo store data related to operations periormed by the base

. The I1/0 device 1415 may be a hardware component
or ports thalt enable a user to interact with the base station
1400. The transceiver 1420 may be a hardware component

configured data with the UE and an

T

the h

he)
8RS

stwork arrangement 1200. The transceiver 1420

nt

on a variety of differen or channels

]

consecu ve ncies) . the ei

freque transc

include

one .,

~
Ll

radios

D’)

exchange wit S

and UEs.

will under

S P
LE may Le

dwar on o

sultab har e configurati

~
e
Lol

There: hardware pla for

orm

may include, for ezampl a
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N
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bas atform with compatible operating system, a

B

Mac m and MAC

0S8, a mobi havin

an

3

kQ,
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ied
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em
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A

.

ndroid,

[

etho
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I

pr
itor

&3}

03]

5
H
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containing lines of on a non-trans

readable storage mediu when compiled, may b

3 S or

a

H

OCes8s0or micr

oproc

(."

P

[00132] Although this

embodiments fferent

features

combinations, in the art will

the features embodiment may be

embodiments

f..

U‘\'r“

not nc
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enable

combin
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v other
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implementing the
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computer
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4= e

he

noons: the operation of t device or the stated
functions of the disclosed embodiments.

F001331 It is well understood that the use of personally
identifiable information should follow privacy policies

and practices that are generally recognized as meeting or
exceeding industry or governmental requirements for maintalining
the privacy of users. In particular, personally identifiable
information data should be managed and handled s0 as to minimize
rigsks of unintentional or unauthorized access or use, and the
nature of authorized use should be clearly indicated to users.
[00134] It will be apparent to those skilled in the art that
various modifications may be made in the present disclosure,
without departing from the spirit or the scope of the
disclosure. Thus, it is intended that the present disclosure
cover modificaticons and variations of this disclosure provided
they come within the scope of the appended ¢laims and theirx

equivalent

o

[
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What is Claimed:

1. A processor of a user
operations comprisings:

”")..i.._\' Yluu a seat

group for multi-slot physica
monitoring {(MSM) ;
a second 55

_—
VoL
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figurin
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a second slot group for MSM;
& beam change in a control
t 58 set of the first slot group
ond S8 set of the second slot

oo

performing MSM using the updated first S$5
updated second S5 set.

a medi

re

ceiving
MAC
a sl

wherein

3. The processor of claim
second SS set is baszed on th
4, The processor of claim

um access

CF indicating a slot

confi

CE.

2,

the operations
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guring

wherein

42

group
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-

(MAC)

confi

A

size

-

gur
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]
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+
[
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by a transmission

an initial access
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3. The processor
first 35 set 1s bas

beam change 1s provided it
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10. The processor
= 4 ARS o T~ -
irst 58 set is bka

MSEM state.

of claim 1, wherein

configuring
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recelving one radio resource

contro
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Y

N

1 (RR

comprising one oOr more parameters, wherein the updated second S8
set is based on the one or more paramelers.
13. The processcr of claim 11, the operations further

comprising:

receiving a medium access control (MAC)

(CE) activation command indicating a lcocation t
updated second S5 setl.

control

element

N

1

O
e

[

X

o
<

iged ]

(.
-

14, The processcr of claim 13, wherein the UE receives a radio

regource control (RRC) configuration of a transmission

configuration indicator (TCI} state indication for the updated
cond SS set.

15. The processor of c¢laim 14, wherein the TCI state 1s

associated with & synchronization signal block (3SB).

io. The processor of claim 14, wherein the TCI state 1

associated with a channel state information {(CSI)-reference
signal (R3).

17. The processor of c¢laim 14, wherein a time offset parameter
relative to a slot group that is to ke used for the updated
second 55 set is included in the TCI state.

i8. 'The processoy of claim 14, wherein the MAC CE is used for
both MSM and beam management.

19, The processory of claim 18, wherein the MAC CE is configured
with different states for MBEM and beam management.
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of claim 11, the operations

¥
L

downlink control information (DCI)

o
9]

location to be used for the updated second 38 set.
21. The processor of claim 1, wherein configuring the updated
first 88 set comprises setling cone or more of a common searct
space (CSS) type OA, CSS type 1 and CSS type 2 to be identical
Lo a new €335 type 0 location.
22. The processcr of claim 1, wherein configuring the updated
first 58 seb comprises sefting a new common search space (CSS)
type O location and updating one or more of a C38S type CA, S8
vpe 1 and CS8S type 2 configuration identified by a medium
access control (MAC) control element (CE) activation.
23. The processor of claim 1, wherein configuring the updated
first 58 seb comprises sefting a new common search space (CSS)
type O location and updating one or more of a C38S type CA, S8
type 1 and CS8S type 2 configuration id by downlink
control information {(DCI).
24, The processor of claim 1, configuring an updated second S5
set for MsSM mprises identifying a second slot group time
offset parameter relative to a slot group size.
25. The processcr of claim 24, wherein the seccond slot group
time offset parameter 1s derived based on a location of the
first search ace (33) relative to the slot group size.
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26. The processor of claim 24, wherein the second slol groug
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time offset parameter is provided in one or more radio re
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27. The processcr of claim 24, wherein the second slot group
time offset parameter 1s indicated by a search space set

configuration table for initial access.

28. A processor of a base station configured to perform
operations comprising:

transmitting multi-slot physical downlink control channel
(PDCCH) monitoring (MSM) parameters Lo a user equipment (UE)
wherein the UE utilizes multiple slot groups to perform MSM;

...... ransmitting information to the UE on the PDCCH.

~

29. The processor of claim 28, wherein the multiple slot groups

€]

include a first slot group corresponding to a first search space

{S8) set comprising at least one of a type 1 common search space
{C38) with a dedicated radio resource control (RRC)
configuration, a type 3 CC and a UE sgpeci

30. The processor of claim 29, wherein the multiple slotft groups

include a second slot group corresponding to a second 58 set

comprising at least one of a type 1 common search space {(CS5)
without a dedicated radio resocurce contrcel (RRC) configuration,

e

- . - . m el - $= iy falal d - - - . - . Dy Falalal
a type 0 CC, a type OA CSS and a type 2 CSS.

28, wherein the MSM parameters

N NTY

parameter, a span of PDCCH to be

Cco J‘}JL_HJ@ a

P

N

monitored within a slot group and a time coffset relative to the

siof group size.
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The processor of claim 28, wherein the MSM parameters

comprise a slot group size parameter and wherein a span of PDCCH

Lo bhe monitored within & slot group and a time of

to the slot group size are implicitly provided to the UE.

33. The processor of claim 28, wherein the MSM parameters

comprise a slot group size parameter and a time offset relative

¢
C

to the slot group size and wherein a span of PDRCCH to be

monitered within a slot group 1s implicitly provided to the UE.
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