wO 20247207495 A1 |0 0000 KOO0 0 O 0

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

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2024/207495 Al

10 October 2024 (10.10.2024) WIPOIPCT

(51) International Patent Classification:
Ho4W 74/08 (2009.01)

(21) International Application Number:
PCT/CN2023/087066

(22) International Filing Date:
07 April 2023 (07.04.2023)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: SHENZHEN TCL NEW TECHNOLOGY
CO., LTD. [CN/CN]; Building D4, TCL International E
City No. 1001, Zhongshan Park Road, Xili Street, Nanshan
District, Shenzhen, Guangdong 518052 (CN).

(72) Inventor: DENG, Yiwei; Building D4, TCL International
E City No. 1001, Zhongshan Park Road, Xili Street, Nan-
shan District, Shenzhen, Guangdong 518052 (CN).

(74) Agent: PURPLEVINE INTELLECTUAL PROPER-
TY (SHENZHEN) CO., LTD.; 2901, Block C, China
Resources Land Building, Dachong Community, Yuehai
Street, Nanshan District, Shenzhen, Guangdong 518052
(CN).

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

(84) Designated States (unless otherwise indicated, for every

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

Published:

with international search report (Art. 21(3))

(54) Title: WIRELESS COMMUNICATION METHOD AND RELATED DEVICES

being configured with a repetition number of PRACH for random

access

(57) Abstract: A wireless communication method and related devices such as a user equipment (UE) and a base station (BS) (e.g., a
gNB) are provided. The wireless communication method, performed by a UE, including being configured with a repetition number of
physical random access channel (PRACH) for random access. With this method, cell coverage enhancement is realized.



WO 2024/207495 PCT/CN2023/087066

[0001]

[0002]

[0003]

[0004]

[0005]

Description
Title of Invention: WIRELESS COMMUNIC
ATION METHOD AND RELATED DEVICES
TECHNICAL FIELD

The present application relates to wireless communication technologi
es, and more particularly, to a wireless communication method, and related devices su

ch as a user equipment (UE) and a base station (BS) (e.g., a gNB) .
BACKGROUND ART

Wireless communication systems, such as the third-generation (3G) o
{ mobile telephone standards and technology are well known. Such 3G
standards and technology have been developed by the Third Generation
Partnership Project (3GPP) . The 3rd generation of wireless communi
cations has generally been developed to support macro-cell mobile phone
communications. Communication systems and networks have developed t
owards being a broadband and mobile system. In cellular wireless com
munication systems, user equipment (UE) is connected by a wireless link to a radio ac
cess network (RAN) . The RAN includes a set of base stations (BSs) w
hich provide wireless links to the UEs located in cells covered by the base stations,
and an interface to a core network (CN) which provides overall network control. The
RAN and CN each conducts respective functions in relation to the overall network.
The 3GPP has developed the so-called Long-Term Evolution (LTE) system, namel
y, an Evolved Universal Mobile Telecommunication System Territorial
Radio Access Network (E-UTRAN) , for a mobile access network where one or m
ore macro-cells are supported by base station knowns as an eNodeB or eNB (evol
ved NodeB) . LTE is evolving further towards the so-called 5G or NR (
new radio) systems where one or more cells are supported by base stations known as a
next generation Node B called gNodeB (gNB) .
The 5G New Radio (NR) standard will support a multitude of different
services each with very different requirements. These services include Enhanced Mobi
le Broadband (eMBB) for high data rate transmission, Ultra-Reliable Low Late
ncy Communication (URLLC) for devices requiring low latency and high
link reliability and Massive Machine-Type Communication (mMTC) to suppo
rt a large number of low-power devices for a long life-time requiring hi
ghly energy efficient communication.
In RAN #94 meeting, a new Rel-18 work item on NR coverage enhanc

ements was approved. The objective of this work item is to study potential coverage e
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nhancement solutions for PRACH and waveform for both FR1 and FR2. Th
e detailed objectives are as follows.

@ Specify following PRACH coverage enhancements (RAN1, RAN2)

O Multiple PRACH transmissions with same beams for 4-step RACH procedure

O Study, and if justified, specify PRACH transmissions with different beams for 4-
step RACH procedure

O Note 1: The enhancements of PRACH are targeting for FR2, and can a
Iso apply to FR1 when applicable.

O Note 2: The enhancements of PRACH are targeting short PRACH format
s, and can also apply to other formats when applicable.

@ Study and if necessary specify following power domain enhancements

O Enhancements to realize increasing UE power high limit for CA and
DC based on Rel-17 RAN4 work on “Increasing UE power high limit for
CA and DC”, in compliance with relevant regulations

B Note 1: The study starts after RAN4 work on “Increasing UE power h
igh limit for CA and DC” is done depending on conclusions from RAN4.

W Note 2: The objective will be revisited and further clarified in RAN plenary after
RAN4 work on “Increasing UE power high limit for CA and DC” is done,
and the discussion in WGs will not start before the objective is revised with a clea
rer scope.

l Note 3: Both RAN1 and RAN4 are expected to be involved; to decide
the order of either (RAN4, RANI) or (RAN1, RAN4) later.

O Enhancements to reduce MPR/PAR, including frequency domain spectru
m shaping with and without spectrum extension for DFT-S-OFDM and tone res
ervation

@ Specify enhancements to support dynamic switching between DFT-S-
OFDM and CP-OFDM

Coverage is one of the key factors that an operator considers when ¢
ommercializing cellular communication networks due to its direct imp
act on service quality as well as capital expenditure (CAPEX) and operational expendi
ture (OPEX) . Despite the importance of coverage on the success of N
R commercialization, a thorough coverage evaluation and a comparison
with legacy radio access technologies (RATs) considering all NR specification detail
s have not been done up to now.

Compared to LTE, New Radio (NR) is designed to operate at much highe
r frequencies such as 28GHz or 39GHz in FR2. Furthermore, many count
ries are making available more spectrums on FR1, such as 3.5GHz, which is typically 1

n higher frequencies than that for LTE or 3G. Due to the higher frequencies, it is in
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evitable that the wireless channel will be subject to higher path-loss, making it m

ore challenging to maintain an adequate quality of service that is at least equal to

that of legacy RATs. One key mobile application of particular importance is voice ser
vice for which a typical subscriber will always expect a ubiquitous coverage wherever
s/he is.

For FR1, NR can be deployed either in newly allocated spectrums, suc
h as 3.5GHz, or in a spectrum re-farmed from a legacy network, e.g., 3G and 4G. In e
ither case, coverage will be a critical issue considering the fact that these spectru
ms will most likely handle key mobile services such as voice and low-rate data service
s. For FR2, coverage was not thoroughly evaluated during the self-evaluation campai
gn towards IMT-2020 submission and not considered in 3GPP Rel-16 enhancements.
In these regards, a thorough understanding of NR coverage performanc
e is needed while taking into account the support of latest NR specification.

In RAN #94 meeting, a new 3GPP Rel-18 work item on NR coverage enhanc
ements was approved. The objective of this study item is to study potential coverage
enhancement solutions for specific scenarios for both FR1 and FR2. S
ome potential methods for coverage enhancement have been discussed i
n the previous RANT meetings; however, there are still some issues that need to be en
hanced.

Other Related Arts

For CFRA, in current 3GPP specification, DCI format 1-0 with FDRA field

s that are all set to “1” can be used to trigger the access procedure of PRACH, as sh

own below:

If the CRC of the DCI format 1_0 is scrambled by C-RNTI and the "Fre
quency domain resource assignment” field are of all ones, the DCI format 1_0 is for r
andom access procedure initiated by a PDCCH order, with all remaining fields set as
ollows:

- Random Access Preamble index —6 bits according to ra-PreambleIndex in
Clause 5.1.2 of [8, TS38.321]

- UL/SUL indicator —1 bit. If the value of the "Random Access Preambl
e index" is not all zeros and if the UE is configured with supplementaryUplink in Ser
vingCellConfig in the cell, this field indicates which UL carrier in the cell to tran
smit the PRACH according to Table 7.3.1.1.1-1; otherwise, this field is reserved.

- SS/PBCH index —6 bits. If the value of the "Random Access Preamble
index" is not all zeros, this field indicates the SS/PBCH that shall be used to deter
mine the RACH occasion for the PRACH transmission; otherwise, this

ield is reserved.
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[0028] - PRACH Mask index —4 bits. If the value of the "Random Access Preamb
le index" is not all zeros, this field indicates the RACH occasion associated with th
e SS/PBCH indicated by "SS/PBCH index" for the PRACH transmission, a
ccording to Clause 5.1.1 of [8, TS38.321] ; otherwise, this field is reserved

[0029] The PRACH mask index values are defined in Table 1 and this value is
just used for decrease the collision probability between different UEs.

[0030]  Table 1: PRACH Mask Index values

PRACH Mask Index/ Allowed PRACH occasion(s) of SSB
msgA-SSB-SharedRO-M
asklndex
0 All
1 PRACH occasion index 1
2 PRACH occasion index 2
3 PRACH occasion index 3
4 PRACH occasion index 4
5 PRACH occasion index 3
6 PRACH occasion index 6
7 PRACH occasion index 7
8 PRACH occasion index 8
9 Every even PRACH occasion
10 Every odd PRACH occasion
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
[0031] - Reserved bits —12 bits for operation in a cell with shared spectrum channel access i

n frequency range 1 or when the DCI format is monitored in common se
arch space for operation in a cell in frequency range 2-2; otherwise 10 bits

[0032]  For 2-step RACH, a PUSCH occasion for PUSCH transmission is defined by a {
requency resource and a time resource, and is associated with a DMRS
resource. The DMRS resources are provided by msgA-DMRS-Config.

[0033] Each consecutive number of " eumbie preamble indexes from valid PRACH
occasions in a PRACH slot

[0034] - first, in increasing order of preamble indexes within a single PRACH occasion
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[0035] - second, in increasing order of frequency resource indexes for frequ
ency multiplexed PRACH occasions
[0036] - third, in increasing order of time resource indexes for time multip
lexed PRACH occasions within a PRACH slot
[0037]  are mapped to a valid PUSCH occasion and the associated DMRS resource
[0038] - first, in increasing order of frequency resource indexes fi4 for frequency mu
ltiplexed PUSCH occasions
[0039] - second, in increasing order of DMRS resource indexes within a PUSCH
occasion, where a DMRS resource index DMRS,; is determined first in an ascendi
ng order of a DMRS port index and second in an ascending order of a
DMRS sequence index in TS 38.211
[0040] - third, in increasing order of time resource indexes t for time multipl
exed PUSCH occasions within a PUSCH slot
[0041] - fourth, in increasing order of indexes for Ny PUSCH slots
[0042] SUMMARY
[0043]  The objective of the present application is to provide a wireless co
mmunication method and related devices, for realizing cell coverage enhancement.
[0044]  In a first aspect, an embodiment of the present application provides
a wireless communication method, performed by a user equipment (UE)
, the method including: being configured with a repetition number of physical random
access channel (PRACH) for random access.
[0045] In asecond aspect, an embodiment of the present application provide
s a wireless communication method, performed by a user equipment (UE
) , the method including: detecting random access response (RAR) of
MSGA in an RAR window based on MSGB-radio network temporary identifier
(RNTD) .
[0046]  In a third aspect, an embodiment of the present application provides
a wireless communication method, performed by a user equipment (UE)
, the method including: transmitting MSGA on physical random access
channel (PRACH) and physical uplink shared channel (PUSCH) , wherei
n a set of random access channel (RACH) occasions (ROs) for multiple
PRACH are associated to a PUSCH.
[0047]  In a fourth aspect, an embodiment of the present application provide
s a wireless communication method, performed by a base station (BS)
, the method including: configuring a user equipment (UE) with a repetition number of

physical random access channel (PRACH) for random access.
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In a fifth aspect, an embodiment of the present application provides
a wireless communication method, performed by a base station (BS) ,
the method including: calculating MSGB-radio network temporary identifier
(RNTI) for a user equipment (UE) to detect random access response (

RAR) of MSGA in an RAR window based on the MSGB-RNTIL.

In a sixth aspect, an embodiment of the present application provides
a wireless communication method, performed by a base station (BS) ,
the method including: receiving MSGA on physical random access chan
nel (PRACH) and physical uplink shared channel (PUSCH) , wherein a s
et of random access channel (RACH) occasions (ROs) for multiple PRAC
H are associated to a PUSCH.

In a seventh aspect, an embodiment of the present application provid
es a user equipment (UE) , including a processor, configured to call and run program
instructions stored in a memory, to execute any of the methods of the first aspect to
the third aspect.

In an eighth aspect, an embodiment of the present application provides a base station
(BS) , including a processor, configured to call and run program instructions stored
in a memory, to execute any of the methods of the fourth aspect to the sixth aspect.

In a ninth aspect, an embodiment of the present application provides
a computer readable storage medium provided for storing a computer

program, which enables a computer to execute the method of any of the first aspect to
the sixth aspect.

In a tenth aspect, an embodiment of the present application provides
a computer program product, which includes computer program instruc

tions enabling a computer to execute the method of any of the first aspect to the six
th aspect.

In an eleventh aspect, an embodiment of the present application prov

ides a computer program, when running on a computer, enabling the co

mputer to execute the method of any of the first aspect to the sixth aspect.

DESCRIPTION OF DRAWINGS

In order to more clearly illustrate the embodiments of the present application or rel
ated art, the following figures that will be described in the embodiments are briefly
introduced. It is obvious that the drawings are merely some embodiments of the prese
nt application, a person having ordinary skill in this field can obtain other figures
according to these figures without paying the premise.

FIG. 1 is a schematic diagram illustrating more than one CG configurations for a UE.

FIG. 2 is a schematic diagram illustrating jitter for XR traffic arrival.
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FIG. 3 is a block diagram of a user equipment and a base station of
wireless communication in a communication controlling system accordi
ng to an embodiment of the present application.
FIG. 4 is a schematic diagram illustrating radio protocol architecture within gNB and
UE.
FIG. 5 is a schematic diagram illustrating a gNB further including a centralized unit
(CU) and a plurality of distributed unit (DUs) .
FIG. 6 is a flowchart of a wireless communication method according t
o an embodiment of the present application.
FIG. 7 is a flowchart of a wireless communication method according t
o another embodiment of the present application.
FIG. 8 is a schematic diagram illustrating RAR window of MSGB based
on last PUSCH within MSGA.
FIG. 9 is a schematic diagram illustrating multiple RAR windows of M
SGB based on each PO.
FIG. 10 is a flowchart of a wireless communication method according to still another
embodiment of the present application.
FIG. 11 is a schematic diagram illustrating multiple PRACH occasions
for multiple PRACH transmission mapping to one PUSCH.
FIG. 12 is a schematic diagram illustrating a set of ROs within mult
iple PRACH of ROs that are mapped to one PO.
FIG. 13 is a schematic diagram illustrating one RO mapped to one PUSCH.
FIG. 14 is a flowchart of a wireless communication method according
to yet another embodiment of the present application.
FIG. 15 is a schematic diagram illustrating a UCI associated to more
than one CG configurations.
FIG. 16 is a schematic diagram illustrating a UCI associated to more
than one CG configurations.
FIG. 17 is a flowchart of a wireless communication method according
to yet another embodiment of the present application.
FIG. 18 is a schematic diagram illustrating relationship between TOs and virtual inde
X.
FIG. 19 is a flowchart of a wireless communication method according

to yet another embodiment of the present application.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of the application are described in detail with the technical matters, st

ructural features, achieved objects, and effects with reference to the accompanying d
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rawings as follows. Specifically, the terminologies in the embodiments of the present
application are merely for describing the purpose of the certain embodiment, but not
to limit the application.
In this document, the term "/" should be interpreted to indicate "and/or. " A combina
tion such as “at least one of A, B, or C, ” “one or more of A, B, or C, ” “at least o
ne of A, B, and C, ” “one or more of A, B, and C, ” or “A, B, and/or C” may be A only
, Bonly, Conly, A and B, A and 30 C, B and C, or A and B and C, wh
ere any combination may contain one or more members of A, B, or C.
Multiple PRACH transmission with same beams for 4-step RACH was app
roved in RAN #94 meeting, and multiple PRACH transmission with diffe
rent beams for 4-step RACH procedure may also be enabled. For UE wit
h contention-free random access (CFRA) mechanism, it is reasonable to support mul
tiple PRACH transmission for CFRA for UE at the cell edge. When UE 1
s located at the cell edge, the coverage capacity for initial access is bad and then
potential mechanism will be needed. One potential way is to enable C
FRA with multiple PRACH transmission.
Therefore, if multiple PRACH transmission for CFRA is supported, how
to indicate PRACH repetition needs to be studied.
Multiple PRACH transmission with same beams for 4-step RACH was app
roved in RAN #94 meeting, and multiple PRACH transmission with diffe
rent beams for 4-step RACH procedure may also be enabled. Similarly,
for 2-step RACH, it’s also a uplink (UL) bottleneck channel. Enabling mult
iple PRACH transmission for 2-step RACH is needed; however, some
issues may be caused when multiple PRACH transmission is enabled for 2-
step RACH:
For 2-step RACH, both RACH resources and PUSCH resources are configured, a

s shown below:

MsgAd-ConfigCommmon-r16 ::= SEQUENCE {
rach-ConfigConimonTwoStepRA-rl16 RACH-ConfigCommonTwoStepRA-r16,
msgA-PUSCH-Config-rl6 MsgA-PUSCH-Config-rl6
OPTIONAL --Cond Initial BWPConfig
/

In current 3GPP specification, a PUSCH occasion for PUSCH transmissi
on is defined by a frequency resource and a time resource and is associated with a de
modulation reference signal (DMRS) resource. The DMRS resources are
provided by msgA-DMRS-Config. Each consecutive number of ~cambie
preamble indexes from valid PRACH occasions in a PRACH slot

- first, in increasing order of preamble indexes within a single PRACH occasion
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- second, in increasing order of frequency resource indexes for frequ
ency multiplexed PRACH occasions

- third, in increasing order of time resource indexes for time multip
lexed PRACH occasions within a PRACH slot

are mapped to a valid PUSCH occasion and the associated DMRS resource

- first, in increasing order of frequency resource indexes f,q for frequency mu
ltiplexed PUSCH occasions

- second, in increasing order of DMRS resource indexes within a PUSCH
occasion, where a DMRS resource index DMRS,; is determined first in an ascendi
ng order of a DMRS port index and second in an ascending order of a
DMRS sequence index in TS 38.211

- third, in increasing order of time resource indexes t for time multipl
exed PUSCH occasions within a PUSCH slot

- fourth, in increasing order of indexes for Ny PUSCH slots

Based on above analysis, the order of RACH is preamble-frequency-time basis and th
e corresponding PUSCH’s order is frequency-DMRS-time-slot basis. Howev
er, when multiple PRACH repetition is enabled for 2-step RACH, multip
le RACH preamble or PRACH transmission will be associated to one PO
with different DMRS sequence or port. This will make UE confused. Th
us, the relationship between RACH and corresponding PUSCH should be
re-defined. In addition, whether PUSCH within MSG A needs to repeat or
not will also be studied. Furthermore, when multiple PRACH within MS
G A is enabled, how to determine the RNTI should be studied. In curr
ent 3GPP spec, the MSGB-RNTI is calculated based on time and/or frequency r
esources of a valid PRACH occasion, as shown in the following :MSGB-
RNTI=14+s id+ 14 xt id+ 14 x 80 xf id + 14 x 80 x 8 x ul_carrier_id + 14 x 80
x 8x2

where s_id is the index of the first OFDM symbol of the valid PRACH
occasion within the multiple PRACH occasions for multiple PRACH tran
smission of MSG A (0 <s_id < 14), t_id is the index of the first slot of the PRACH
occasion in a system frame (0 <t_id < 80) , where the sub-carrier spacing t
o determine t_id is based on the value of  specified in clause 5.3.2 in TS 38.211 [8
Jforu=1{0,1,2,3},and for p={5, 6}, t_id is the index of the 120 kHz slot i
n a system frame that contains the PRACH occasion (0 < t_id < 80) , f_id is the index
of the PRACH occasion in the frequency domain (0 < f_id < 8) , and ul_carrier_id is
the UL carrier used for Random Access Preamble transmission (0 for N

UL carrier, and 1 for SUL carrier) .
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Thus, which one PRACH occasion or whether more than one PRACH occasi
on within the multiple PRACH occasions for multiple PRACH transmissi
on of MSG A needs to be determined.

Furthermore, in current 3GPP spec, the RAR window for 2-step RACH is base
d on the corresponding PUSCH with MSG A. However, when multiple MSG
A transmission is enabled, which one or which set of PUSCHs within t
he MSG A can be used to determine the RAR window needs to be studied.

In short, when multiple MSG A transmission is enabled, then followin
g issues should be considered:

- How to determine the relationship between PRACH and corresponding P
USCH within MSG A;

- How to determine the MSGB-RNTI;

- How to determine the RAR window of MSGB;

In Rel-16, as shown in FIG. 1, more than one configured grant (CG) configur
ation is configured to UE to reduce the alignment delay of URLLC traffic since the tr
affic arrival of URLLC is randomly. This is similar to XR traffic with jitter. For ji
tter of XR, it’s unknown to gNB and UE. To address this issue, multiple CG configurat
ions with different start points can be used, and then UE can choose one of the most
suitable CG configuration for transmission.

For XR, due to large packet size of XR, more time and frequency reso
urces will be needed for a CG to transmit all of the packet of XR. When jitter is hap
pened, the traffic arrival location will be not at the start of first transmission oc
casion (TO) within a CG configuration, as shown in FIG. 2. In some cases, the latency
of traffic will be caused, and the TOs within a CG configuration may not be enough t
o transmit whole of the packet. One potential way is to introduce multiple CG configu
rations and activate the CG configurations simultaneously. Similar to the multiple CG
configurations in Rel-16 URLLC, a time offset for a CG configuration is ¢
onfigured. When multiple CG configurations for XR are enabled, a slot of time and fre
quency resources will be reserved for a UE, and many TOs may not be
used. In addition, in last RAN1 meeting, it has been agreed that the uplink control i
nformation (UCI) which is used for indicating un-used TOs needs to be carried by CG
-PUSCH. In this mechanism, there will be no signalling used to indicate the un-
used TOs within a CG configuration when the CG configuration is not
chosen by UE. Thus, a UCI used for indicating the un-used TOs needs to
be extended from one CG to multiple CG configurations.

In short, how to indicate the un-used TOs in the case of more than one CG configurat

ion needs to be studied.
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In Rel-17, PRACH coverage enhancement has not been addressed, despite being
identified as one of the bottleneck channels in corresponding studies. PRACH transmi
ssion is very important for many procedures, e.g., initial access and beam failure re
covery. To achieve better coverage performance, some enhancement met
hods will be needed. This disclosure proposes some coverage enhanced
methods for PRACH channel. With these methods, better coverage will
be achieved for uplink channel.

FIG. 3 illustrates that, in some embodiments, one or more user equip
ments (UEs) 10 and a base station (e.g., gNB or eNB) 20 for wireless
communication in a communication network system 30 according to an
embodiment of the present application are provided. The communicatio
n network system 30 includes the one or more UEs 10 and the base sta
tion 20. The one or more UEs 10 may include a memory 12, a transceiv
er 13, and a processor 11 coupled to the memory 12 and the transceiver 13. The base s
tation 20 may include a memory 22, a transceiver 23, and a processor 21 coupled to th
e memory 22 and the transceiver 23. The processor 11 or 21 may be co
nfigured to implement proposed functions, procedures and/or methods described in this
description. Layers of radio interface protocol may be implemented in the processor
11 or 21. The memory 12 or 22 is operatively coupled with the processor 11 or 21 and
stores a variety of information to operate the processor 11 or 21. The transceiver 13
or 23 is operatively coupled with the processor 11 or 21, and the transceiver 13 or
23 transmits and/or receives a radio signal. The base station 20 and a next generatio
n core network (SGCN) may also communicate with each other either wi
relessly or in a wired way. When the communication network system 30
complies with the New Radio (NR) standard of the 3rd Generation Par
tnership Project (3GPP) , the next generation core network is a backend serving netwo
rk system and may include an Access and Mobility Management Function
(AMF) , User Plane Function (UPF) , and a Session Management Functi
on (SMF) . In one aspect, the user equipment 10 can include almost a
ny consumer electronic device or appliance that can connect to a radio access network
and a core network for the releases of 3GPP and further, such as, but not limited to
NR networks.

The processor 11 or 21 may include application-specific integrated circuit (ASIC)

, other chipset, logic circuit and/or data processing device. The memory 12 or 22 ma
y include read-only memory (ROM) , random access memory (RAM) , fl

ash memory, memory card, storage medium and/or other storage device.

The transceiver 13 or 23 may include baseband circuitry to process radio frequency s

ignals. When the embodiments are implemented in software, the techni
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[0104]

[0105]

[0106]
[0107]

ques described herein can be implemented with modules (e.g., procedures, functions, a
nd so on) that perform the functions described herein. The modules can be stored in t
he memory 12 or 22 and executed by the processor 11 or 21. The memor
y 12 or 22 can be implemented within the processor 11 or 21 or external to the proces
sor 11 or 21 in which case those can be communicatively coupled to the processor 11 o
r 21 via various means as is known in the art. The user plane radio protocol architec
ture within the gNB and UE is shown in FIG. 4, which includes option
al Service Data Adaptation Protocol (SDAP) , Packet Data Convergence
Protocol (PDCP) , Radio Link Control (RLC) , Medium Access Control
(MAC) . In RAN functional split, a gNB further includes a centralized unit (CU) and a
plurality of distributed unit (DUs) as shown in FIG. 5. The protocol stack of CU inc
ludes an RRC layer, an optional SDAP layer, and a PDCP layer, while
the protocol stack of DU includes an RLC layer, a MAC layer, and a P
HY layer. The F1 interface between the CU and DU is established betw
een the PDCP layer and the RLC layer.
FIG. 6 illustrates a wireless communication method according to an e
mbodiment of the present application. Referring to FIG. 6 in conjunc
tion with FIG. 3, the method 100 includes the following. In Step 110, the UE is confi
gured by the base station with a repetition number of physical random access channel
(PRACH) for random access. With this method, cell coverage enhancement is realized.
In an embodiment, the repetition number of PRACH may be configured b
y radio resource control (RRC) signaling. In another embodiment, the repetition numbe
r of PRACH may be indicated by downlink control information (DCI) .
In an example, the repetition number of PRACH may be indicated by a
table of PRACH Mask Index. In another example, the repetition number
of PRACH may be indicated by a field in DCI. In some embodiments, ¢
andidate values of PRACH repetition may be configured by RRC, and on
e of the candidate values may be indicated by DCI. In still another embodiment, each
state of frequency domain resource assignment (FDRA) in DCI may be u
sed to indicate one of candidate values of PRACH repetition.
Further details on how to indicate PRACH repetition are described as follows.
This disclosure proposes method (s) to determine the repetition numb
er of PRACH for CFRA. The UE in CFRA mechanism may also be located 1
n cell edge. To improve the capacity of coverage, the most straightforward way is to
enable repetition of CFRA. Based on current 3GPP spec, the parameter
s of CFRA are configured by RACH-ConfigDedicated and/or triggered b
y PDCCH format 1-0 with FDRA fields set all “1” . The following mech

anism can be used to indicate the repetition number of CFRA.
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[0108]  In a first possible solution of the present application, the repetition value of CFRA
can be configured in RRC (as shown in Table 2 and Table 3 below) , e.g. RACH-

ConfigDedicated, CFRA.
[0109]  Table 2. The number of repetition configure for RA
RACH-ConfigDedicated ::= SEQUENCE {
cfta CFRA OPTIONAL, -- Ned
S
ra-Prioritization RA-Prioritization OPTIONAL, -- Ned
N

Repetition k ENUMERATED {1,248} or {1.2.4.8,16.32} or {1,2.3,4.5.6,7.8} or {2.4,8,16} or {2.4,6.8

1}
ra-PrioritizationTwoStep-r16  RA-Prioritization OPTIONAL, -~ Negf
N
cfra-TwoStep-r16 CFRA-TwoStep-r16 OPTIONAL
Need S
Il
}
Table 3. The number of repetition configure for RA
CFRA ::= SEQUENCE {
occasions SEQUENCE {
rach-ConfigGeneric RACH-ConfigGeneric,
ssb-perRACH-Occasion ENUMERATED {oncEighth, oneFourth, oncHalf, one, tw¢,
four, eight, sixteen}
OPTIONAL -~ Con|
Mandatory
¥ OPTIONAL, -- Need S

Repotitionk ~ ENUMERATED {1,2.4,8} or {1,2,4,8,16,32} or {1,2.3,4.5,6,7.8} or {2,4,8,16} or {2,4,6,8

Rule 26,
25.04.2023

il
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[0110]
[0111]

[0112]

resources CHOICE {
ssh SEQUENCE {
ssb-ResourceList SEQUENCE (SIZE(l..maxRA-SSB-Resources)) OF
CFRA-SSB-Resource,

ra-ssbh-OccasionMaskIndex INTEGER (0..15)
b
csirs SEQUENCE {
csirs-ResourceList SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF

CFRA-CSIRS-Resource,
rsip-ThresholdCSI-RS RSRP-Range

ans

1]
totalNumberOfRA-Preambles INTEGER (1..63) OPTIONAL --

Cond Occasions

1l
}

[deleted]

In a second possible solution of the present application, the repetition value of CFR
A can be indicated by DCI, e.g. DCI format 1-0. The repetition of PRACH can be
joint coding with the table of PRACH Mask Index values, which are de
fined in TS. 38.321. A new column can be added into the table, and one of repetition
number of PRACH can be included in the column, where the number of P
RACH is an integer and/or the candidate repetition number can be {1, 2, 4, 8} or {1,
2,4,8,16,32}or {1,2,3,4,5,6,7,8}or {2,4,8,16} or {2,4,6,8}orisc
onfigurable. For instance, as shown in Table 4.

Table 4. PRACH Mask Index and number of repetition of PRACH values

Rule 26,
25.04.2023
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PRACH Mask Index/
nsgA-SSB-SharedRO- Allowed PRACH occasion(s) of SSB Number of repetition of PRACH
MaskIndex
0 All 1
1 PRACH occasion index 1 2
Z PRACH oecasion index 2 4
3 PRACH occasion index 3 8
4 PRACH oecasion index 4 2
5 PRACH vocasion index 5 4
6 PRACH occasion index 6 8
7 PRACH occasion index 7 8
8 PRACH occasion index § 4
9 Every even PRACH ogcasion 2
10 Every odd PRACH occasion 4
11 Reserved
12 Reserved
13 Reserved
14 Reserved
135 Reserved

[0113]

[0114]

[0115]

In some embodiments, the candidate values of repetition can be confi
gured by RRC, and then a column within Table 4 can be used to indicate one of the rep
etition values.

In a third possible solution of the present application, an implicit way can be consi
dered. Both frequency domain resource assignment (FDRA) fields withi
n DCI 1_0 set all “1” and all “0” can be used to trigger the access procedure of PRAC
H, and each state of FDRA field can be used to indicate one of CFRA repetitions. For
instance, FDRA fields set all “0” can indicate one candidate of PRACH repetitions. In
some embodiments, a new fallback DCI format with specific FDRA fiel
ds with all “0” or all “1” can be used to trigger CFRA procedure, and then a correspo
nding value of a PRACH repetition for CFRA can be indicated, wherein
the value can be pre-defined. The repetition value relationship between
different specific FDRA field can also be pre-defined.

In a fourth possible solution of the present application, reuse the reserved fields i
n DCI to indicate the number of repetition of PRACH. Several bits within a reserved
ield can be used. One way is to explicitly indicate a value of repetition. Another wa
y is that RRC configures a set of candidate values of PRACH repetition, e.g. {1, 2, 4
, 8}, and then a field in DCI is used to indicate one repetition value within the se
t. For instance, 2 bits are used to indicate the number of repetition of CFRA, for ex
ample, “00” indicates the PRACH repetition value of 1, “01” indicate
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[0116]

[0117]

[0118]
[0119]

[0120]

s the PRACH repetition value of 2, “10” indicates the PRACH repetition value of 4, an
d “11” indicates the PRACH repetition value of 8.

FIG. 7 illustrates a wireless communication method according to anot
her embodiment of the present application. Referring to FIG. 7 in conjunction with FI
G. 3, the method 200 includes the following. In Step 210, the UE detects random acces
s response (RAR) of MSGA in an RAR window based on MSGB-radio network tem
porary identifier (RNTI) . With this method, cell coverage enhancement is realized.

In an embodiment, the MSGB-RNTI may be based on a last valid or any one valid
PRACH occasion within multiple PRACH occasions for multiple PRACH tr
ansmission of MSGA. In another embodiment, the MSGB-RNTI may be based

on a set of valid PRACH occasions within multiple PRACH occasions

or multiple PRACH transmission of MSGA. In still another embodiment, the MSGB-
RNTI may be based on beam index of MSGA. In an embodiment, the RAR w

indow may start from at least one symbol after a last symbol of last physical uplink
shared channel (PUSCH) occasion corresponding to multiple PRACH tran

smission. In another embodiment, the RAR window may start from at le

ast one symbol after a last symbol of last PUSCH occasion correspond

ing to each of multiple PRACH transmission. In still another embodim

ent, the RAR window may start from at least one symbol after each last symbol of last
PUSCH occasion within a set of PUSCH occasions within MSGA.

Further details on how to determine the MSGB-RNTTI are described as follows.

This disclosure proposes method (s) to determine the MSGB-RNTI. The last va
lid or any one valid RACH occasion (RO) within MSG A and/or beam ind
ex of MSG A can be considered. In current 3GPP specification, the MS
GB-RNTTI is calculated based on the time and/or frequency resource of a
valid PRACH occasion. When multiple MSG A transmission is enabled, w
hich one of valid ROs is used for the calculation of the MSGB-RNTI should be st
udied. The MSGB-RNTT associated with the PRACH occasion in which th
e Random Access Preamble is transmitted, is computed as:MSGB-RNTI =1 +s_id +

14xtid+ 14 x 80 xf id+ 14 x 80 x 8 x ul_carrier id+ 14 x 80 x 8 x 2

where s_id is the index of the first OFDM symbol of the last valid or any one valid P

RACH occasion within the multiple PRACH occasions for multiple PRACH
transmission of MSG A (0 <s_id < 14), t_id is the index of the first slot of the P
RACH occasion in a system frame (0 < t_id < 80) , where the sub-carrier spacing t

o determine t_id is based on the value of  specified in clause 5.3.2 in TS 38.211 [8
Jforu=1{0,1,2,3},and for p={5, 6}, t_id is the index of the 120 kHz slot i

n a system frame that contains the PRACH occasion (0 < t_id < 80) , f_id is the index
of the PRACH occasion in the frequency domain (0 < f_id < 8) , and ul_carrier_id is
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

the UL carrier used for Random Access Preamble transmission (0 for N
UL carrier, and 1 for SUL carrier) .

In some embodiments, more than one MSGB-RNTI can be used for UE to detect
RAR of MSGA, each MSGB-RNTI is calculated based on a valid PRACH occasion
within multiple PRACH occasions for multiple PRACH transmission of M
SGA or a set of valid PRACH occasions within multiple PRACH occasion
s for multiple PRACH transmission of MSGA. In some embodiments, the MSGB-
RNTI is determined based on the beam index of MSGA.

In some embodiments, the MSGB-RNTI can be determined based on th
e beam index of MSGA from UE side, as shown in following:MSGB-

RNTI=14+s id+ 14 xt id+ 14 x 80 xf id + 14 x 80 x 8 x ul_carrier_id + 14 x 80
X 8 x 2+beam_index

where s_id is the index of the first OFDM symbol of the last valid or any one valid P
RACH occasion within the multiple PRACH occasions for multiple PRACH
transmission of MSG A (0 <s_id < 14), t_id is the index of the first slot of the P
RACH occasion in a system frame (0 < t_id < 80) , where the sub-carrier spacing t
o determine t_id is based on the value of  specified in clause 5.3.2 in TS 38.211 [8
Jforu=1{0,1,2,3},and for p={5, 6}, t_id is the index of the 120 kHz slot i
n a system frame that contains the PRACH occasion (0 < t_id < 80) , f_id is the index
of the PRACH occasion in the frequency domain (0 < f_id < 8) , and ul_carrier_id is
the UL carrier used for Random Access Preamble transmission (0 for N
UL carrier, and 1 for SUL carrier) , beam_index is the beam index from UE side.

Further details on how to determine the RAR window of MSGB are descr
ibed as follows.

This disclosure proposes method (s) to determine the RAR of MSG A, t
he number of PRACH of an attempt of RACH procedure can be regarded a
s an entity for being associated to determination on the RAR of MSG
A. In current 3GPP specification, the RAR window for 2-step RACH is base
d on the corresponding PUSCH within the MSG A. However, when the rep
etition of the PUSCH within MSG A is enabled, how to determine the R
AR windows for 2-step RACH should be studied.

In a first possible solution of the present application, in response to a transmissio
n of a PRACH and a PUSCH or to a transmission of multiple PRACHs if
the PRACH preamble is mapped to a valid or a set of valid PUSCH occa
sions, a UE attempts to detect a DCI format 1_0 with CRC scrambled b
y a corresponding MSGB-RNTI during a window controlled by higher layers (e
.g. TS 38.321) . The window starts at the first symbol of the earliest CORESET the UE
is configured to receive PDCCH for Typel-PDCCH CSS set or the first symbol
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[0127]

[0128]

[0129]

of the PDCCH occasion, that is at least one symbol after the last symbol of the last

or last actual PUSCH occasion or last PUSCH occasion detected by gNB
corresponding to the multiple PRACH transmission, where the symbol

duration corresponds to the SCS for Type1-PDCCH CSS set. For instance, as sh

own in FIG. 8§, it is assumed that 4 PRACH repetition transmits over

4 ROs {RO1, RO3, ROS5, RO7} and the corresponding PUSCH with 2 repeti

tion transmits over 2 PUSCH occasions (POs) {PO1, PO2} , then the st
art of RAR window of MSGB is based on PO2.

In a second possible solution of the present application, in response to a transmissi

on of a PRACH and a PUSCH, or to a transmission of only a PRACH if t

he PRACH preamble is mapped to a valid PUSCH occasion, a UE attempts
to detect a DCI format 1_0 with CRC scrambled by a corresponding Ms

gB-RNTI during a window controlled by higher layers (e.g. TS 38.321) .

The window starts at the first symbol of the earliest CORESET the UE is configured to
receive PDCCH for Typel-PDCCH CSS set or the first symbol of each the PDCCH
occasion, that is at least one symbol after the last symbol of the last or last actu
al PUSCH occasion or last PUSCH occasion detected by gNB correspondi

ng to the PRACH transmission, where the symbol duration corresponds

to the SCS for Typel-PDCCH CSS set. For instance, as shown in FIG. 9, it
is assumed that 4 PRACH repetition transmits over 4 ROs {RO1, RO3,

ROS5, RO7} and the corresponding PUSCH with 2 repetition transmits ov

er 2 POs {PO1, PO2} , then the start of RAR window 1 of MSGB is base

d on PO1, the start of RAR window 2 of MSGB is based on PO2.

In a third possible solution of the present application, in response to a transmissio

n of a PRACH and a PUSCH, or to a transmission of only a PRACH if th

e PRACH preamble is mapped to a valid PUSCH occasion, a UE attempts

to detect a DCI format 1_0 with CRC scrambled by a corresponding Msg

B-RNTI during a window controlled by higher layers (e.g. TS 38.321) .

The multiple windows start at the first symbol of the earliest CORESET the UE is conf

igured to receive PDCCH for Typel-PDCCH CSS set or the first symbol

of the PDCCH occasion, that is at least one symbol after each of the last symbol of t

he last PUSCH within a set of POs within MSGA or each of the last sy

mbol of the actual PUSCH occasion within a set of POs within MSGA or
each of the last symbol of the last PUSCH occasion within a set of

POs within MSGA detected by gNB, where the symbol duration correspon

ds to the SCS for Typel-PDCCH CSS set.

FIG. 10 illustrates a wireless communication method according to sti

11 another embodiment of the present application. Referring to FIG. 10 in conjunction
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[0132]

[0133]

with FIG. 3, the method 300 includes the following. In Step 310, the UE transmits to
the base station MSGA on physical random access channel (PRACH) and
physical uplink shared channel (PUSCH) , wherein a set of random ac
cess channel (RACH) occasions (ROs) for multiple PRACH are associate
d to a PUSCH. With this method, cell coverage enhancement is realized.
In an embodiment, multiple ROs for an attempt of multiple PRACH tran
smission may be mapped to one PUSCH and/or demodulation reference si
gnal (DMRS) . In another embodiment, a set of ROs within multiple RO
s for an attempt of multiple PRACH transmission may be mapped to one
PUSCH and/or DMRS. In still another embodiment, each of ROs within
multiple ROs for an attempt of multiple PRACH transmission may be ma
pped to one PUSCH and/or DMRS. In an embodiment, a time offset betwe
en PUSCH occasion (PO) and ROs may be based on a last RO within the
multiple ROs for multiple PRACH transmission. In another embodiment,
a time offset between PO and ROs may be based on a PRACH slot which
includes a last RO within the multiple ROs used for multiple PRACH transmission. In
still another embodiment, a time offset between the multiple ROs which are used for m
ultiple PRACH transmission and PUSCHs for the multiple PUSCH transmi
ssion may be based on last ROs within the multiple ROs or a last slot which includes
the last RO of the multiple PRACH transmission. In some embodiments, a pre-
defined rule may be established between multiple PRACH and PUSCH.
Further details on how to determine the relationship between PRACH a
nd corresponding PUSCH within MSG A are described as follows.
This disclosure proposes method (s) to determine the relationship be
tween PRACH and PUSCH within MSG A. A set of ROs for multiple PRACH
can be associated to a PUSCH. The conventional frequency-DMRS-time-
slot mechanism used to map PRACH to PUSCH will cause misalignment be
tween gNB and UE when multiple PRACH is enabled for 2-step RACH. In thi
s case, the ROs of an attempt of PRACH can be regarded as an entity, and then this en
tity is mapped to a PUSCH (aPUSCH transmission occasion with same or
different DMRS) . The following methods can be considered.
In a first possible solution of the present application, multiple ROs for an attempt
of multiple PRACH transmission (e.g. with same or different preamble
s) are mapped to one PUSCH and/or DMRS. In other words, when multipl
e PRACH transmission is enabled, the corresponding PUSCH is without
repetition. In this case, multiple PRACH transmission of an attempt
PRACH procedure can be associated to a PUSCH. For instance, as shown
in FIG. 11, it is assumed that 2-step RACH procedure with 4 repetit
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[0135]

[0136]

[0137]

[0138]

[0139]

ion of PRACH over {ROI1, RO3, RO 5, RO7} is involved, then all of the
ROs of the PRACH repetition should be mapped to one PO, e.g. PO1. R
O means RACH occasion, and PO means a PUSCH occasion or a PUSCH tran
smission occasion. In some cases, an attempt of RACH procedure is wi
th the indexes of ROs which are consecutive and increasing.
In a second possible solution of the present application, a set of ROs within multipl
e ROs for an attempt of multiple PRACH transmission (e.g. with same
or different preambles) are mapped to one PUSCH and/or DMRS. In othe
r words, when multiple PRACH transmission is enabled, the correspond
ing PUSCH can also be with repetition. In this case, each set of PRACH transmission ¢
an be associated to a PUSCH. As shown in FIG. 12, it is assumed that
2-step RACH procedure with 4 repetition is involved and the repetition
of PRACH can occupy 4 consecutive ROs in time domain, one attempt o
f multiple PRACH transmission is over {RO1, RO2, RO3, RO4} , another
attempt of multiple PRACH transmission is over (RO2, RO4, RO6, RO§)
, and then {RO1, RO3} are mapped to PO1, {ROS5, RO7} are mapped to P
02, {RO2, RO4} are mapped to PO3, and {RO6, RO8} are mapped to PO4.
RO means RACH occasion, and PO means a PUSCH occasion or a PUSCH tra
nsmission occasion. In some cases, the time offset between PO and RO
s is based on the last RO or any one RO or any one fixed RO or any a set of ROs withi
n the multiple ROs for multiple PRACH transmission. In some embodime
nts, the time offset between PO and ROs is based on the PRACH slot w
hich includes the last RO or any one RO or any one fixed RO or any a set of ROs withi
n the multiple ROs used for multiple PRACH transmission.
In some embodiments, a ROG (RACH occasion group) is mapped to a PUSC
H, and the number within a ROG can be determined as the following:De
fine C = mod (M, N) , K1 = ceil (M/N), and K2 = floor (M/N) .
M is the number of ROs for multiple PRACH transmission, N is the num
ber of transmission occasion for PUSCH repetition for MSG A.Define M
1 =mod (P, M), K1 =ceil (C/M) , and K2 = floor (C/M) .
fMI1>0,ROGm, m=0, 1, ..., M1-1, consists of RO for PRACH repeti
tion with indices m*K1+k, k=0, 1, ..., K1-1, ROG m, m =M1, M1+1, ..., M-
1, consists of RO for PRACH repetition with indices M1#*K1 + (m-M1) *K2+k, k=0, 1
y e K2-1.
In some embodiments, a set of ROs within multiple ROs for an attempt
of PRACH with same or different preambles are consecutive in time domain.
In a third possible solution of the present application, each of ROs within multiple

ROs for an attempt of multiple PRACH transmission (e.g. with same or
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different preambles) are mapped to one PUSCH and/or DMRS. In other
words, when multiple PRACH transmission is enabled, the correspondin
g PUSCH can also be with repetition and the repetition number of PUS
CH is equal to the number of multiple PRACH. In this case, each of P
RACH transmission can be associated to a PUSCH, as shown in FIG. 13.
In some embodiments, the time offset between multiple ROs which are
used for multiple PRACH transmission and PUSCHs for multiple PUSCH t
ransmission is based on the last ROs within the multiple ROs or last slot which inclu
des the last RO of the multiple PRACH transmission.
In a fourth possible solution of the present application, a pre-defined rule is e
stablished between multiple PRACH and PUSCH, for example, a scale fa
ctor K is introduced for RO-to-PO, and the value of K is a real number (for exampl
e, 1, 0.5.0.25) . When the factor of K is configured as 0.25 and the number of multip
le PRACH transmission is M, the number of repetition of PUSCH is equal to: M*0.25.
In some embodiments, the time offset between multiple ROs which are
used for multiple PRACH transmission and PUSCHs for multiple PUSCH t
ransmission is based on the last ROs or any one RO or any one fixed RO or any a set o
f ROs within the multiple ROs or last slot which includes the last RO or any one RO o
r any one fixed RO or any a set of ROs of the multiple PRACH transmission.
FIG. 14 illustrates a wireless communication method according to yet
another embodiment of the present application. Referring to FIG. 14 in conjunction w
ith FIG. 3, the method 400 includes the following. In Step 410, the UE transmits to t
he base station a uplink control information (UCI) or configured grant uplink control
information (CG-UCI) indicating multiple transmission occasions (TO
s) or un-used transmission occasions (TOs) within more than one configured gr
ant (CG) configurations. With this method, better communication perf
ormance is achieved.
Further details on how to determine the relationship between a UCI a
nd multiple TOs (Transmission Occasion) or multiple un-used TOs within m
ore than one CG (configured grant) configurations are described as follows.
This disclosure proposes method (s) to determine the relationship be
tween a UCI and multiple TOs within more than one CG configurations.
More than a field within a UCI and joint coding of multiple TOs within more than one
CG configurations can be used. The following methods can be conside
red. In some embodiments, the UCI is used to indicate the un-used TOs within a
CG configuration which is carried by the first actual transmission TOs.
In a first possible solution of the present application, a UCI can be used to indicat

e a set of TOs within more than one CG configurations, each one of C
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G have a corresponding bits field within the UCI and the mapping rul
es between CG and the bits field within UCI is pre-defined. For instance, as shown in
FIG. 15, more than one bits field can be includes by a UCI and each one of the bits
field can be used to indicate the un-used TOs within a corresponding CG
configuration, where the size of the multiple field size is the same and the highest
field is associated to the lowest index of the CG within a cell, similar as others,
e.g. field 1 is associated to CG1, field 2 is associated to CG2, field 3 is associate
dtoCG3, ...... , and so on.

In some embodiments, the highest field is associated to the highest index of the CGs
within a cell, similar as others,

In some embodiments, the highest field is associated to the highest index of the CGs
within a cell, similar as others, as shown in FIG. 16, field 1 is associated to CG12,
field 2 is associated to CG11, field 3 is associated to CG 10, ...... , and so on.

In some embodiments, a bit field can be introduced within a UCI to 1
ndicate the CG configuration index, then the TOs within the correspo
nding CG configuration can be indicated as un-used TOs.

In a second possible solution of the present application, a UCI can be used to indica
te the TOs as un-used TOs within more than one CG configurations and
2 set of bits field can be used to indicate the un-used TOs within more than one CG ¢
onfigurations, one of bits fields is used to indicate a set of CG configuration, one
bits field is used to indicate a set of un-used TOs within CG configurations.
With this case, the corresponding configure list of CG information and un-
used TOs should be configured. As show in Table 5 and Table 6 respec
tively, where more than one TO (s) and/or more than one CG (s) can b
e configured within an index. 2 sets of field can be included by the UCI, one bits fi
eld within the UCI indicates the index of table 5, which is the information of the Un-
used TOs within the CG configurations, one bits field within the UCI indicates the in
dex of table 6, which is the information of the related CG configurations. For instan
ces, when the UCI indicates the “1” and “1”, then the {TO2, TO3, TO
4, TOS, TO6, TO7, TO8} within {CGS, CG6, CG7, CG8} are indicated as un-
used TOs.

Table 5. Un-used TOs within configurations

Index Un-used TO index
0 12,3,4,5.6,7.8
1 2,3,4,5,6,7.8
2 5,6,7.8
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Table 6. CG configuration index

Index CG configuration index
0 1.2,3.4,5,6,7,8.9,10,11,12
1 5,6,7,8
2 3
3 4
4 1,2.3,4

In some embodiments, a bit field can be defined in a UCI which is used to indicate th
e CC information, the UCI can indicate the un-used TOs within more than one CG ¢
onfigurations across CCs.

In a third possible solution of the present application, a UCI can be used to indicat
e the TOs as un-used TOs within more than one CG configurations and
a bits field can be used to indicate the un-used TOs within more than one CG ¢
onfigurations, with this case, the CG configurations and un-used TOs can be ¢
oding combination, as show in Table 7, where, more than one Un-sued TOs and/or C
G configurations can be configured within an index of the table. When the UCI indicat
es index 1, then the {TO2, TO3, TO4, TOS5} within {CG1, CG2} are indicated as un-
used TOs. When the UCI indicates index 2, when the {TOS, TO6, TO7, T
08} within {CG 4} are indicated as un-used TOs.

Table 7. CG and un-used TOs joint coding

index Un-used TO or CGindex Ctr index or un-used TO
1 2,345 1,2
2 5,6,7,8 4

3

In a fourth possible solution of the present application, a CG configurations informa
tion and/or a time unit can be indicated by a UCI, with this case, the TOs during the
time unit within the indicated CG configurations are indicates as un-used TOs.

In some embodiments, 1 bit can be introduced into the CG-UCI which used to
distinguish the type of CG-UCI, e.g. CG-UCI for NR-U or CG-UCIT for R-18 or CG-
UCI for XR.

In some embodiments, at least one of the following bits field can be included by the
CG-UCI: an index of a set of ROs or the time value of K or the index of
TOs or a field which used to distinguish different CG-UClIs or the numbe
r of un-used TOs or HARQ-ID indicate field or CG configuration indicate fiel
d or CC indicate field. Where CG configuration indicate field which is used to indica
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te the one or more CG index, CC indicate field which is used to indicate one or more
CCs, time value of K which is used to determine the start/end of un-used TOs’ locatio
n.

FIG. 17 illustrates a wireless communication method according to yet
another embodiment of the present application. Referring to FIG. 17 in conjunction w
ith FIG. 3, the method 500 includes the following. In Step 510, the UE is configured
by the base station with a configured grant (CG) configuration including more than on
e transmission occasions (TOs) , wherein HARQ-ID of all of transmission occasion
s (TOs) within the CG configuration are determined. With this method
, better communication performance is achieved.

Further details on how to determine the resource/transmission occasi
ons within a CG configuration are described as follows.

This disclosure proposes method (s) to determine the resource/transm
ission occasions within a CG configuration, mainly focus on a semi-static way to det
ermine the HARQ-ID of all of the TOs within a CG configuration, especially for the ¢
ase when the TOs with repetition is considered. For the multiple TOs can be used for
transmission over more than one TBs, so the HARQ-ID for each TO or
each a set of TO must be different to avoid the ambiguity between UE and gNB for re-
transmission, where TO means transmission occasion.

The HARQ-ID for the TOs within a CG configuration can be determined as follow
ing:

For configured uplink grants neither configured with harg-ProcID-Offset2 nor with
cg-RetransmissionTimer, the HARQ Process ID associated with the first s
ymbol of a UL transmission is derived from the following equation:HA
RQ Process ID = [floor (CURRENT_symbol/periodicity) +TO_index] modul
o nrofHARQ-Processes

For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID assoc
iated with the first symbol of a UL transmission is derived from the following equati
on:HARQ Process ID = [floor (CURRENT _symbol /periodicity) +TO_index]
modulo nrofHARQ-Processes + harg-ProcID-Offset2

where CURRENT_symbol = (SEN x numberOfSlotsPerFrame x numberOfSymbol
sPerSlot + slot number in the frame X numberOfSymbolsPerSlot + symbo
1 number in the slot) , and numberOfSlotsPerFrame and numberOfSymbol
sPerSlot refer to the number of consecutive slots per frame and the number of consecu
tive symbols per slot, The TO_index is the index of the TOs within a CG configuration
, and is an integer and the CURRENT _symbol is based on the first TOs or first actual
transmission TOs or first TO configured by gNB.



25

WO 2024/207495 PCT/CN2023/087066

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

In some embodiments, the HARQ-ID for the TOs within a CG configu
ration can be determined as following:

For configured uplink grants neither configured with harg-ProcID-Offset2 nor with
cg-RetransmissionTimer, the HARQ Process ID associated with the first s
ymbol of a UL transmission is derived from the following equation:HA
RQ Process ID = [floor (CURRENT_symbol/periodicity) +TO_index1] modu
lo nrofHARQ-Processes

For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID assoc
iated with the first symbol of a UL transmission is derived from the following equati
on:HARQ Process ID = [floor (CURRENT _symbol /periodicity) +TO_index 1
] modulo nrofHARQ-Processes + harg-ProcID-Offset2

where CURRENT_symbol = (SEN x numberOfSlotsPerFrame x numberOfSymbol
sPerSlot + slot number in the frame X numberOfSymbolsPerSlot + symbo
1 number in the slot) , and numberOfSlotsPerFrame and numberOfSymbol
sPerSlot refer to the number of consecutive slots per frame and the number of consecu
tive symbols per slot, The TO_index]1 is the virtual index of a set of TOs within a CG
configuration, and is an integer, where, the set of TOs with the same virtual index
which have the same HARQ-ID. The CURRENT_symbol is based on the first TOs or
first actual transmission TOs or first TO configured by gNB. Where the virtual index
of a set of TOs within a CG configuration can be determined as following:

As shown in FIG. 18, 8 TOs are configured within a CG configuration,
and {TO1, TO2} grouped set 1 and the virtual index is 1, and {TO3,
TO4 } grouped set 2 and the virtual index is 2, and {TOS, TO6 } grouped set 3 and the
virtual index is 3, and {TO7, TOS } grouped set 4 and the virtual index is 4. In som
e embodiments, the number of the set of TOs is associated to the repetition of TOs.

FIG. 19 illustrates a wireless communication method according to yet
another embodiment of the present application. Referring to FIG. 19 in conjunction w
ith FIG. 3, the method 600 includes the following. In Step 610, the multiplexing rule
s between a configured grant (CG) -uplink control information (UCI) a
nd the UCIs (e.g. HARQ-ACK and/or CSI and/or CSI-part and/or CSI-part2 and/
or CG-UCI and/or SR and/or other type UCI, etc. ) is determined. With this
method, better communication performance is achieved.

Further details on how to determine the multiplexing rules between different types of
CG-UCI and other UCIs are described as follows.

This disclosure proposes method (s) to determine the multiplexing rules between
different type of CG-UCI and other UClIs (e.g. HARQ-ACK, SR, CSI part 1, CSI
part 2, CSI. ) , mainly focus on more than one UCIs (CG-UCIs and/or other UClIs)
are multiplexed PUSCH (especially for CG-PUSCH) . The same type of CG-UClIs
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can be regard as an entity for encoding and new type of CG-UCI (CG-UCI for R-18

or the CG-UCI which is different from the CG-UCI for NR-U) or priority rules
between more than one types of UCIs can be considered. In some embodiments,

when higher layer parameter cg-UCI-Multiplexing (aparameter used to enable
multiplexing) is configured, then the new type of CG-UCI (denote as CG-UCI 1)

can be combination encoding with HARQ-ACK, the bits sequence is determined

as: A =0 _CG-UCI1+O_ACKor A =0_ACK + O_CG-UCI1, where O_CG-

UCII and/or O_ACK are the CG-UCI bits sequence and HARQ-ACK sequence
respectively. In some embodiments, when both of CG-UCI for NR-U (denote as
CG-UCIO) or R-18 (e.g. XR) (denote as CG-UCI1) are configured and/or cg-UCI-
Multiplexing (aparameter used to enable multiplexing) is configured, then both of CG-
UCIT and HARQ-ACK can be combination encoding (means ) , the bits sequence are
determined as: B = O_CG-UCI 0+O_CG-UCI1+0_ACK or B = O_CG-UCI 1+0_CG-
UCIO+O_ACKorB=0_ACK +O_CG-UCI 0+0_CG-UCI 1 or B=0O_ACK +
O_CG-UCII+0_CG-UCI 0 or B=0_CG-UCI 0+ O_ACK + O_CG-UCI 1l or B =

O CG-UCI 1+ O_ACK + O_CG-UCI 0. In some embodiments, when both of CG-
UCI for NR-U (denote as CG-UCIO) and/or R-18 (e.g. XR) (denote as CG-UCI 1) are
configured and/or cg-UCI-Multiplexing (aparameter used to enable multiplexing) is
configured, the CG-UCI 0 and CG-UCI 1 can be combination encoding (in other word,
it can be regarded as an entity) . In some embodiments, when both of CG-UCI for NR-
U (denote as CG-UCIO) and/or R-18 (e.g. XR) (denote as CG-UCI 1) are configured
and/or cg-UCI-Multiplexing (aparameter used to enable multiplexing) is configured,
the CG-UCI 0 and/or CG-UCI 1 can be set as highest priority.

In some embodiments, If uci-MuxWithDiffPrio or a parameter enable different p1,
Brity of UCI (include at least one of CG-UCI and HARQ-ACK and CSI. ) is
configured, and HARQ-ACK bits associated with priority index 0, HARQ-

ACK bits associated with priority index 1 and/or CG-UCI 0 (CG-UCI for NR-

U) or CG-UCI 1 (CG-UCI for R-18, e.g. XR) associated with priority index 1 or in
dex 0, and CSI part 1 or CSI or CSI part 2 if any are transmitted on a PUSCH or a CG-
PUSCH, the following UCI bit sequences are generated as: Al, Bland C

1 or Al and B1 or Al. Where Al is a bits sequences for HARQ-ACK with high pri
ority (e.g. priority index 1) or a bits sequences for CG UCI O with high priority (e.

g. priority index 1) or a bits sequences for CG UCI 1 with high priority (e.g. priori

ty index 1) or a bits sequences for HARQ-ACK+ CG-UCI 0 or CG-UCT 0 + HARQ-
ACK with high priority (e.g. priority index 1) or a bits sequences for CG UCI 0 + CG-
UCI 1 + HARQ-ACK or CG UCT 1 +CG-UCI 0 + HARQ-ACK with high pri

ority (e.g. priority index 1) .
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If CSI part 1 is also transmitted on the PUSCH and the PUSCH is asso
ciated with priority index 1, where B1 is a bit sequences for CSI or CSI-partl or CSI-
part 2 bits sequences, where C1 is a bit sequences for HARQ-ACK bits s with p
riority index O.

Alternatively, where B1 is a bit sequences for HARQ-ACK with priority
with index 0, where C1 is a bits sequences for CSI or CSI part 1 or CSI part 2 with
priority with index O.

Alternatively, if uci-MuxWithDiffPrio or a parameter enable different pri
ority of UCI (include at least one of CG-UCI and HARQ-ACK and CSI. ) is
configured, and HARQ-ACK bits associated with priority index 0, HARQ-
ACK bits associated with priority index 1 and/or CG-UCI 0 (CG-UCI for NR-
U) or CG-UCI 1 (CG-UCI for R-18, e.g. XR) associated with priority index 1 or in
dex 0, and CSI part 1 or CSI or CSI part 2 if any are transmitted on a PUSCH or a CG-
PUSCH associated with priority 0, the following UCI bit sequences ar
e generated as : al, bl and ¢l or al and bl or al. Where al is a bits sequences for H
ARQ-ACK with high priority (e.g. priority index 1) . Where bl is a bits
sequences for a bits sequences for CG UCI 0 with low priority (e.g. priority index 0)
or a bits sequences for CG UCI 1 with low priority (e.g. priority index 0) or a bits
sequences for HARQ-ACK+ CG-UCI 0 or CG-UCI 0 + HARQ-ACK with low prio
rity (e.g. priority index 0) or a bits sequences for CG UCI 0 + CG-UCI 1 +HARQ-
ACK or CG UCI 1 + CG-UCI 0 + HARQ-ACK with low priority (e.g. priori
ty index 0) . Where cl is the bits sequences for CSI or CSI-part] or CSI-
part2 bits sequences with low priority (e.g. priority index 0) .

Commercial interests for some embodiments are as follows. 1. Solving
issues in the prior art. 2. Realizing cell coverage enhancement. 3. Providing a good
communication performance. Some embodiments of the present applicat
ion are used by 5G-NR chipset vendors, V2X communication system develo
pment vendors, automakers including cars, trains, trucks, buses, bicycles, moto-
bikes, helmets, and etc., drones (unmanned aerial vehicles) , smartp
hone makers, communication devices for public safety use, AR/VR devi
ce maker for example gaming, conference/seminar, education purposes.
Some embodiments of the present application are a combination of “techniques/
processes” that can be adopted in 3GPP specification to create an end produ
ct. Some embodiments of the present application could be adopted in
the 5G NR unlicensed band communications. Some embodiments of the pr
esent application propose technical mechanisms.

The embodiment of the present application further provides a compute

r readable storage medium for storing a computer program. The comput
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er readable storage medium enables a computer to execute correspondi
ng processes implemented by the UE/BS in each of the methods of the
embodiments of the present application. For brevity, details will not be described he
rein again.
The embodiment of the present application further provides a compute
r program product including computer program instructions. The compu
ter program product enables a computer to execute corresponding proc
esses implemented by the UE/BS in each of the methods of the embodim
ents of the present application. For brevity, details will not be described herein again.
The embodiment of the present application further provides a compute
r program. The computer program enables a computer to execute corres
ponding processes implemented by the UE/BS in each of the methods of
the embodiments of the present application. For brevity, details will not be describ
ed herein again.
The non-transitory computer readable medium may include at least one from a
group consisting of: a hard disk, a CD-ROM, an optical storage device, a
magnetic storage device, a Read Only Memory, a Programmable Read Onl
y Memory, an Erasable Programmable Read Only Memory, EPROM, an Elect
rically Erasable Programmable Read Only Memory and a Flash memory. I
n an embodiment where the elements are implemented using software, t
he software may be stored in a computer-readable medium and loaded into co
mputing system using, for example, removable storage drive. A contro
1 module (in this example, software instructions or executable computer program code)
, when executed by the processor in the computer system, causes a processor to perfo
rm the functions of the invention as described herein.
Furthermore, the inventive concept can be applied to any circuit for performing signa
1 processing functionality within a network element. It is further envisaged that, fo
r example, a semiconductor manufacturer may employ the inventive con
cept in a design of a stand-alone device, such as a microcontroller of a digita
1 signal processor (DSP) , or application-specific integrated circuit (ASIC) and/
or any other sub-system element.
A person of ordinary skill in the art may be aware that, in combination with the exam
ples described in the embodiments disclosed in this specification, units and algorith
m steps may be implemented by electronic hardware or a combination o
{ computer software and electronic hardware. Whether the functions a
re performed by hardware or software depends on particular applications and design co
nstraint conditions of the technical solutions. A person skilled in the art may use d

ifferent approaches to implement the described functions for each particular applicat
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ion, but it should not be considered that the implementation goes beyond the scope of
the present application.

[0185]  While the present application has been described in connection with
what is considered the most practical and preferred embodiments, it is understood tha
t the present application is not limited to the disclosed embodiments but is intended
to cover various arrangements made without departing from the scope of the broadest

interpretation of the appended claims.
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Claims

A wireless communication method, performed by a use

r equipment (UE) , the method comprising:

being configured with a repetition number of physical random access
channel (PRACH) for random access.

The method of claim 1, wherein the repetition numbe

r of PRACH is configured by radio resource control (RRC) signaling.
The method of claim 1, wherein the repetition number of PRACH is ind
icated by downlink control information (DCI) .

The method of claim 3, wherein the repetition number of PRACH is ind
icated by a table of PRACH Mask Index.

The method of claim 3, wherein the repetition number of PRACH is ind
icated by a field in DCI.

The method of claim 1, wherein candidate values of PRACH repetition
are configured by RRC, and one of the candidate values is indicated
by DCI.

The method of claim 1, wherein each state of frequency domain resour
ce assignment (FDRA) in DCI is used to indicate one of candidate val
ues of PRACH repetition.

A wireless communication method, performed by a use

r equipment (UE) , the method comprising:

detecting random access response (RAR) of MSGA in a

n RAR window based on MSGB-radio network temporary identifier
(RNTID) .

The method of claim 8, wherein the MSGB-RNTI is based on

a valid PRACH occasion within multiple PRACH occasi

ons for multiple PRACH transmission of MSGA.

The method of claim 8, wherein the MSGB-RNTI is based on

a set of valid PRACH occasions within multiple PRAC

H occasions for multiple PRACH transmission of MSGA.

The method of claim 8, wherein the MSGB-RNTI is based on

beam index of MSGA.

The method of claim 8, wherein the RAR window starts from at least o
ne symbol after a last symbol of last physical uplink shared channel

(PUSCH) occasion corresponding to multiple PRACH transmission.
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The method of claim 8, wherein the RAR window starts from at least o
ne symbol after a last symbol of last PUSCH occasion corresponding t
o each of multiple PRACH transmission.

The method of claim 8, wherein the RAR window starts from at least o
ne symbol after each last symbol of last PUSCH occasion within a set
of PUSCH occasions within MSGA.

A wireless communication method, performed by a use
r equipment (UE) , the method comprising:

transmitting MSGA on physical random access channel

(PRACH) and physical uplink shared channel (PUSCH)

, wherein a set of random access channel (RACH) occasions (ROs) for
multiple PRACH are associated to a PUSCH.

The method of claim 15, wherein multiple ROs for an attempt of multi
ple PRACH transmissions are mapped to one PUSCH and/

or demodulation reference signal (DMRS) .

The method of claim 15, wherein a set of ROs within multiple ROs for
an attempt of multiple PRACH transmissions are map
ped to one PUSCH and/or DMRS.

The method of claim 15, wherein each of ROs within multiple ROs for
an attempt of multiple PRACH transmissions are mapp
ed to one PUSCH and/or DMRS.
The method of claim 15, wherein a time offset betwe
en PUSCH occasion (PO) and ROs is based on a last R

O within the multiple ROs for multiple PRACH transmission.
The method of claim 15, wherein a time offset between PO and ROs is
based on a PRACH slot which includes a last RO within th
e multiple ROs used for multiple PRACH transmission.
The method of claim 15, wherein a time offset between the multiple R
Os which are used for multiple PRACH transmission a
nd PUSCHs for the multiple PUSCH transmission is ba

sed on last ROs within the multiple ROs or a last slot which include

s the last RO of the multiple PRACH transmission.
The method of claim 15, wherein a pre-defined rule is e

stablished between multiple PRACH and PUSCH.
A wireless communication method, performed by a base station (BS) ,
the method comprising:
configuring a user equipment (UE) with a repetition number of physic

al random access channel (PRACH) for random access.
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The method of claim 23, wherein the repetition numb

er of PRACH is configured by radio resource control (RRC) signaling.
The method of claim 23, wherein the repetition number of PRACH is in
dicated by downlink control information (DCI) .

The method of claim 25, wherein the repetition number of PRACH is in
dicated by a table of PRACH Mask Index.

The method of claim 25, wherein the repetition number of PRACH is in
dicated by a field in DCIL

The method of claim 23, wherein candidate values of

PRACH repetition are configured by RRC, and one of the candidate va
lues is indicated by DCI.

The method of claim 23, wherein each state of frequency domain resou
rce assignment (FDRA) in DCI is used to indicate one of candidate va
lues of PRACH repetition.

A wireless communication method, performed by a base station (BS) ,
the method comprising:

calculating MSGB-radio network temporary identifier

(RNTI) for a user equipment (UE) to detect random access response (
RAR) of MSGA in an RAR window based on the MSGB-RNTIL.

The method of claim 30, wherein the MSGB-RNTI is calculate

d based on a valid PRACH occasion within multiple P

RACH occasions for multiple PRACH transmission of MSGA.

The method of claim 30, wherein the MSGB-RNTI is calculate

d based on a set of valid PRACH occasions within mu

Itiple PRACH occasions for multiple PRACH transmission of MSGA.
The method of claim 30, wherein the MSGB-RNTI is calculate

d based on beam index of MSGA.

A wireless communication method, performed by a base station (BS) ,
the method comprising:

receiving MSGA on physical random access channel (P

RACH) and physical uplink shared channel (PUSCH) ,

wherein a set of random access channel (RACH) occas

ions (ROs) for multiple PRACH are associated to a PUSCH.

The method of claim 34, wherein multiple ROs for an attempt of multi
ple PRACH transmission are mapped to one PUSCH and/

or demodulation reference signal (DMRS) .
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The method of claim 34, wherein a set of ROs within multiple ROs for
an attempt of multiple PRACH transmission are mapp

ed to one PUSCH and/or DMRS.

The method of claim 34, wherein each of ROs within multiple ROs for
an attempt of multiple PRACH transmission are mappe

d to one PUSCH and/or DMRS.

The method of claim 34, wherein a time offset betwe

en PUSCH occasion (PO) and ROs is based on a last R

O within the multiple ROs for multiple PRACH transmission.

The method of claim 34, wherein a time offset between PO and ROs is
based on a PRACH slot which includes a last RO within the multiple R
Os used for multiple PRACH transmission.

The method of claim 34, wherein a time offset between the multiple R
Os which are used for multiple PRACH transmission and PUSCH

s for the multiple PUSCH transmission is based on last ROs within th
e multiple ROs or a last slot which includes the last RO of the mult
iple PRACH transmission.

The method of claim 34, wherein a pre-defined rule is e

stablished between multiple PRACH and PUSCH.

A user equipment (UE) , comprising a processor, configured to call a
nd run program instructions stored in a memory, to execute the metho
d of any of claims 1 to 7.

A user equipment (UE) , comprising a processor, configured to call a
nd run program instructions stored in a memory, to execute the metho
d of any of claims 8 to 14.

A user equipment (UE) , comprising a processor, configured to call a
nd run program instructions stored in a memory, to execute the metho
d of any of claims 15 to 22.

A base station (BS) , comprising a processor, configured to call and
run program instructions stored in a memory, to execute the method
of any of claims 23 to 29.

A base station (BS) , comprising a processor, configured to call and
run program instructions stored in a memory, to execute the method
of any of claims 30 to 33.

A base station (BS) , comprising a processor, configured to call and
run program instructions stored in a memory, to execute the method

of any of claims 34 to 41.
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