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1. [bookmark: OLE_LINK8][bookmark: OLE_LINK5] Introduction
In RAN #108 meeting, a new 5G-A Rel-20 WI Coverage Enhancement for NR Phase 3 was approved [1], and was revised in RAN#109 [2], the objectives are listed as follows. 
	The detailed objectives for coverage enhancement of this work item include:	
· Specify following PRACH coverage enhancements [RAN1, RAN2]
· Multiple PRACH transmissions with different Tx beams for 4-step RACH procedure. 
· UE may receive UL beam information after transmission of MSG1
· UL beam information is to assist the UE decision on Msg3 beam selection.  
· Note 1: “different Tx beams” is for the purpose of future RAN1 discussions 
· Note 2: The enhancements of PRACH are targeting for FR2 and can also apply to FR1 when applicable.
· Note 3: The enhancements of PRACH are targeting short PRACH formats and can also apply to other formats when applicable.
· Note 4: The PRACH repetitions are transmitted over ROs associated with the same SSB.
· Note 5: The procedure for repetitions of a PRACH transmission is as in Rel-18
· [bookmark: _Hlk210982274]Specify enhancements to support PUSCH repetition scheduled by DCI 0_0 with C-RNTI [RAN1, RAN2]
· Specify enhancements to improve PUSCH coverage for higher uplink data rate by extending pi/2-BPSK to more MCS entries in MCS tables [RAN1]


In this document, based on the submitted contributions listed in reference section, a summary of companies’ proposals on “Coverage Enhancement for NR phase 3” is provided to assist the discussion.
Here is the color code used in this summary:
· FL observations
· FL’s questions
· FL proposals
· FL summary based on the companies’ input
· RAN1 agreements
2. Contact information
If I missed you , companies are welcome to input your contact information below,.
	Company
	Name
	Email

	China Telecom
	Hang Yin
	yinh6@chinatelecom.cn

	Huawei, Hisilicon, HiSilicon
	Jose Leon
	Jose.angel.calvo@Huawei, Hisilicon.com

	Huawei, Hisilicon, HiSilicon
	Matthew Webb
	matthew.webb@Huawei, Hisilicon.com

	InterDigital, Inc
	Umer Salim
	Umer.salim@interdigital.com

	ZTE, Sanchips
	Shuai Zhou
	Zhou.shuai5@ZTE, Sanchips.com.cn

	OPPO
	Shengjiang Cui
	cuishengjiang@oppo.com

	OPPO
	Zhisong Zuo
	zuozhisong@oppo.com

	Sharp
	Gary Xiong
Hiroki Takahashi
	xiongg@sharplabs.com
takahashi.hiroki@mail.sharp

	KT
	Geunyoung (David) Seok
	gy.seok@kt.com

	Nokia
	Luca Rose
	luca.rose@nokia.com

	Panasonic
	Xuan Tuong Tran (Henry)
Tetsuya Yamamoto
Hidetoshi Suzuki
	xuantuong.tran@sg.panasonic.com

yamamoto.tetsuya001@jp.panasonic.com
suzuki.hidetoshi@jp.panasonic.com

	LG Electronics
	Hyunsoo Ko
	hyunsoo.ko@lge.com

	CEWiT
	Pardh
	pardhasarathy.j@cewit.org.in

	CEWiT
	Aarti
	aartisaini05@cewit.org.in

	Ofinno
	Jaehoon Chung
	jchung@ofinno.com

	Apple
	Chunhai Yao
	Chunhai_yao@apple.com

	Ericsson
	Yuande Tan
	yuande.tan@ericsson.com

	Ericsson
	Chandan PradhanTan
	Chandan.pradhan@ericsson.com

	Samsung
	Nan Qu
Zhongfeng Zhang
Qi Xiong
Marian Rudolf
	nan1.qu@samsung.com 
zf.zhang@samsung.com 
q1005.xiong@samsung.com
m.rudolf@partner.samsung.com 

	vivo
	Zhipeng Lin
	zhipeng.lin@vivo.com

	CMCC
	YI ZHENG
YONGCHANG Liu
WEI Qin
	zhengyi@chinamobile.com
liuyongchang@chinamobile.com
qinwei@chinamobile.com

	Xiaomi
	Qiao Xuemei
	qiaoxuemei@xiaomi.com

	Spreadtrum, UNISOC
	Huan Zhou
	Huan.zhou@unisoc.com

	ETRI
	Cheulsoon Kim
Jisoo Park
	cs.kim@etri.re.kr


	Transsion
	Sha Wang
	sha.wang@transsion.com

	Tejas Networks
	Shrinivas Bhat
Divya Upalekar
Vaisakh Suresh
	shrinivasb@tejasnetworks.com
upalekars@tejasnetworks.com
vaisakhs@tejasnetworks.com 

	Charter
	Muhammad Fazili
	Muhammad.fazili@charter.com

	Charter
	Mojtaba
	Mojtaba.ahmadialmasi@gmail.com


3. Proposals to be discussed on Monday online
The following proposals are going to be discussed in Monday’s online session.

4. Discussion Points on PRACH enhancements
In this section, FL summarized the key items for making progress on the PRACH enhancements with different Tx beams based on companies’ contributions.
Issue#1-1: Restrictions for PRACH with Different Tx Beams
Companies’ views on Issue#1-1 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	Proposal 1.	It is totally up to UE implementation to determine which Tx beams to use, without further restrictions.

	LGE
	Observation 1: When the number of available Tx beams at the UE (K) differs from the number of PRACH transmissions per RACH attempt (N), both K > N and K < N cases are operationally feasible, but K > N is considered more favorable as it enables full beam diversity without risking inefficiencies due to undetectable beam reuse.
Proposal 1: For the operation of multiple PRACH transmissions with different Tx beams, RAN1 assumes the Case (K > N), where the UE can transmit PRACH using K different Tx beams across the initial PRACH transmission and retransmissions.
Proposal 2: RAN1 to support both Approach 1 and Approach 2 for multiple PRACH transmissions with different Tx beams, enabling flexible selection of the number of PRACH transmissions based on UE capability and allowing coverage enhancement through repeated transmissions with the same beam when necessary.
· Approach 1: The UE selects the number of PRACH transmissions based on the number of supported Tx beams.
· Approach 2: The UE initially selects a smaller number of PRACH transmissions, and if PRACH fails, it increases the number of transmissions to enhance coverage.


	OPPO
	Proposal 1: The UE can utilize all or a subset of its Tx beams for PRACH transmission, irrespective of whether the total number of PRACH transmissions is greater than, less than, or equal to the number of Tx beams it supports

	Samsung
	Proposal 1: RAN1 considers the restriction that no same Tx beam should be used in one RACH attempt of the multiple PRACH transmissions with different Tx beams.

	Transsion Holding
	Proposal 1: It is recommended to clarify whether multiple PRACH transmissions with different Tx beams are associated with the same SSB or with different SSBs.
Proposal 2: It is recommended that PRACH transmissions within the same RO group should be configured to use the same Tx beam, while PRACH transmissions within different RO groups should be configured to use different Tx beams.

	Panasonic
	Proposal 1: Not to have the restriction except partial usage of the same Tx beam within the whole repetition. Partial usage of the same Tx beam within the whole repetition is FFS, but consider not to support it because of TU limitation. 

	ETRI
	[bookmark: _Ref213335600]Proposal 2: A single beam may be maintained for multiple transmissions, while other ROs carry different beams.

	Nokia
	Proposal 1. For each of two consecutive ROs of an RO set for PRACH repetitions with different TX beams, gNB expects the UE to use a different Tx beam, unless the gap between them is shorter than the transient period for the Tx beam switching.
Proposal 2. RAN1 to discuss whether and how UE should signal to gNB more accurate information on the necessary transient period to switch beam using PRACH resources (no dedicated additional signalling).

	Ericsson
	[bookmark: _Toc213423362]Observation 1: Multiple PRACH transmissions using different Tx beams may require additional beam-switching time between consecutive occasions. If this time is not accounted for, certain ROs may be dropped, resulting in degraded performance. 
[bookmark: _Toc213423363]Observation 2: One mechanism to account for beam switching time is to configure a predefined guard period, such that after the first valid RO is identified within a group, any subsequent occasion is considered valid only if the time gap from the previous valid occasion exceeds the guard period.
[bookmark: _Toc213423364]Observation 3: Another mechanism to account for beam switching time in a RO group is for the UE to switch Tx beams between consecutive valid ROs only if the time gap between them exceeds the beam switching time, otherwise, the UE continues using the same Tx beam across those occasions. 
[bookmark: _Toc213423365]Observation 4: When compared to the upper bound performance achieved with multiple PRACH transmissions using different Tx beams under ideal zero beam switching time, the mechanism that introduces a predefined guard period achieves near-upper bound performance but at the expense of added delay due to underutilized ROs, while the mechanism that allows the UE to reuse the same Tx beam when the gap between occasions is shorter than the beam switching time incurs only a small performance loss relative to the upper bound but avoids additional delay, making it more efficient in terms of latency.
[bookmark: _Toc213423387]Proposal 1: To account for beam switching time, either configure a guard period to determine the valid ROs within a group, or allow the UE to transmit using the same Tx beam when the time gap between two ROs is insufficient for beam switching.


Round 1
FL Observations:
The following agreement was reached in last meeting. In response to this agreement, companies provide their views on whether there should be restrictions introduced. 
	Agreement @122bis
For the determination of Tx beam utilization for multiple PRACH transmissions with different Tx beams, 
· It is up to UE implementation to determine which Tx beams to use, subject to any necessary restriction
· FFS: any necessary restriction
· FFS: whether/how gNB can configure UE to use same Tx beams in part of the PRACH transmissions


Some companies (Spreadtrum, UNISOC, LGE, OPPO, Panasonic) agreed that, there is no need to introduce more restrictions on UE. And some companies (Nokia, Ericsson) proposed that a time interval may be needed to make sure that switching time of beams won’t have impact on the transmission of PRACH. 
And for the restriction/configuration of UE using same Tx beams, it will be discussed in Issue #1-8 separately. Samsung proposed that to consider “no same Tx beam should be used in one RACH attempt of the multiple PRACH transmissions with different Tx beams”, but FL think this is not align with the agreement “It is up to UE implementation to determine which Tx beams to use”. 
For the beam switching time, FL agree that if it is too large, it may influent the transmission of PRACH on the subsequent consecutive valid RO, but FL think it may not a common understanding that such a large beam switching time exists. Thus, before giving any proposals, FL would like companies to further check whether the beam switching should be taken in to consideration.
FL’s question 1-1
Whether the beam switching time may have impact on the transmission of PRACH in the second valid RO between two consecutive ROs? 
Companies are provided to your preferences and comments in the following table. 
	Company
	Y/N
	Comments

	Spreadtrum
	N
	The guard period is only for SRS antenna switching, not for beam management. And PRACH with different beam is similar as SRS beam management, no guard period is needed. 

	vivo
	N
	No need to discuss on the beam switching, since the actual TX beam itself is transparent and up to UE implementation as we agreed. If 2 RO subgroups are too close to each other, it’s still up to UE to decide whether same or different TX beams should be used for the 2 subgroups.


The proposal will be given after the conclusion on FL’s question 1-1 is reached. 
[Postponed] FL’s Proposal 1-1:
Wating for the conclusion of FL’s question #1-1.
Companies are welcomed to provide your comments on FL’s Proposal 1-1 in the following table.
	Company
	Y/N
	Comments

	
	
	

	
	
	



Issue#1-2: Procedures/definitions in multiple PRACH transmissions with same Tx beam reused for multiple PRACH transmissions with different Tx beams
Companies’ views on Issue#1-2 can be found as follows.
	Company
	Opinions

	LGE
	Proposal 5: Reuse the definition of RAR window in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.

	Vivo
	[bookmark: _Ref213263362]Proposal 4: For RO set determination for PRACH repetition, the time period is determined based on all configured number of preamble repetitions with same or different TX beams for each supported feature combination provided in each RACH-ConfigCommon.

	Huawei, Hisilicon
	[bookmark: _Hlk209983587]Proposal 9: The non-overlapped sub-duration of the RAR window can be associated with the repetition ROs with different beams that require to be measured and indicated, where the RA-RNTI can be computed by the last RO. 

	Xiaomi
	Proposal 9: For multiple PRACH transmissions within a single RACH attempt, the same preamble index shall be used across all transmissions.
Proposal 10: For a single RACH attempt, only one RAR window is used, and it starts after the last valid RO of the multiple PRACH transmissions.

	ZTE, Sanchips
	Proposal 8: The definition of RAR window and RAR reception specified for Rel-18 PRACH repetition can be reused for Rel-20 PRACH sweeping, that is, 
· Single RAR reception within a single RAR window, which starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set after the last symbol of the last PRACH occasion corresponding to the PRACH repetition

	Panasonic
	Proposal 4: For multiple PRACH transmissions with different Tx beams, support to define RAR window at the end of group of N ROs for N PRACH transmissions. 
· Note: The above is the same as Rel.18 multiple PRACH transmission with the same beam
· FFS to define RAR window before the end of last valid RO for early termination.
Proposal 5: For multiple PRACH transmissions with different Tx beams, support calculate RA-RNTI as same as for Rel. 18 multiple PRACH transmissions with same Tx beam.

	Ofinno
	Observation 2: In Rel-18, PRACH repetitions in a set share the same preamble index, and RA-RNTI is derived from the last PRACH occasion. Whether this principle should also apply to Rel-20 multi-beam PRACH is not yet clear.
Proposal 2: RAN1 confirms that each PRACH transmission of a multi-beam PRACH set shares the same preamble index, consistent with Rel-18.
Proposal 3: For ReconfigurationWithSync case with preamble repetition, HO command indicates whether the same beam or different beams should be used.

	Sharp
	Proposal 2
· For multiple PRACH transmissions with different Tx beams
· The same PRACH preamble is applied during multiple PRACH transmissions.
· The same RAR window determination for multiple PRACH transmission with same Tx beams is reused. 

	Qualcomm
	Proposal 5: In multiple PRACH transmissions with different Tx beams, the RAR window definition follows the same definition as multiple PRACH transmissions with the same Tx beams: the RAR window starts after the last valid RO of the RO group regardless of whether the UE dropped the transmission in this RO or not. 
Proposal 6: In multiple PRACH transmissions with different Tx beams, the RA-RNTI monitored in the RAR corresponds to the last valid RO in the RO group.

	NTT DOCOMO
	Proposal 6: UE monitors single RAR in RAR window which starts after the last RO.


Round 1
FL Observations:
The discussion in the section mainly focuses on whether to reuse the same definition of RAR window in Rel-18 multiple PRACH transmission with same beam for different beams. Companies (LGE, Xiaomi, ZTE, Sanchips, Panasonic, Ofinno, Sharp, Qualcomm, NTT DOCOMO) agree to reuse the definition in Rel-18, while Huawei gave a more detailed description considering the last few valid ROs may not be used by UE. However, based on FL’s understanding, this can happen even in Rel-18 multiple PRACH transmission with same beam, it is not reasonable to emphasize it should be after the last valid RO used by UE. 
For other issues, such as preamble usage and SSB usage, FL think they are part of the definition of RO group, which has already agreed to be reused in last meeting. 
According to the above observation, the following proposal is given.

FL’s Proposal 1-2:
Reuse the definition of RAR window in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams. 

Companies are provided to your preferences and comments in the following table. 
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Ofinno
	Y
	

	vivo
	Y
	Fine with this proposal.
However, for the issue on time offset determination, since in one cell there could be ROs configured for 2 types of PRACH repetitions, one with same TX beam, one with different TX beams, it should be discussed on whether they should be considered together to get a common time offset, although the mechanism of determining time offset is the same as Rel-18 as we agreed. 


Issue#1-3: Scenarios
Companies’ views on Issue#1-3 can be found as follows.
	Company
	Opinions

	vivo
	[bookmark: _Ref213263351]Proposal 1: Confirm the work assumption on the use cases of Type-B PUSCH repetition.

	Huawei, Hisilicon
	[bookmark: _Ref212646223]Proposal 12: Confirm that the multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA, and SI request.

	ZTE, Sanchips
	Proposal 1: The working assumption should be revised as follows:
	The multiple PRACH transmission with different Tx beams is supported for CBRA in RRC idle state, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution




	Ofinno
	Proposal 1: RAN1 confirms that Rel-20 PRACH coverage enhancement is supported for ReconfigurationWithSync and LTM RACH-based cell switch, consistent with Rel-18 PRACH coverage enhancement.

	Apple
	Proposal 1: Confirm the following working assumption:
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution

	NTT DOCOMO
	Proposal 1: Confirm the working assumption that multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.

	ITRI, Acer
	Proposal 1: 
· Confirm the following working assumption:
· The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution


Round 1
FL Observations:
Most companies (LGE, vivo, Huawei, Hisilicon, Xiaomi, Panasonic, Ofinno, Sharp, Qualcomm, NTT) agree to confirm the following working assumption. 
	Working assumption @122bis
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution


While ZTE proposed for UE in RRC_CONNECTED state, the best beam may have been known by UE, thus the scenario should be restricted to RRC_IDLE UE only. But based on FL’s understanding, the best beam may be different due to the mobility of UE. Thus, FL think it is not necessary to restrict it to RRC_IDLE UE only. Thus, the following proposal is given.

FL’s Proposal 1-3:
Confirm the following working assumption in RAN1 #122bis, 
	Working assumption @122bis
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution



Companies are welcomed to provide your comments on FL’s Proposal 1-3 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Ofinno
	Y
	Generally fine with the proposal. 
Regarding CFRA case, some clarification is needed. 

In case of CFRA, Rel-18 coverage enhancement for PRACH is supported for both ReconfigurationWithSync (L3 procedure) and LTM RACH-based cell switch (L1/L2 procedure). Hence, for the application of PRACH transmission with different Tx beams, we need to clarify whether to add LTM RACH-based cell switch on the WA, or it is considered as a part of ReconfigurationWithSync case.

	vivo
	Y
	


Issue#1-4: repetition times
Companies’ views on Issue#1-4 can be found as follows.
	Company
	Opinions

	Huawei, Hisilicon
	[bookmark: _Ref212646210]Proposal 3:  The set of values for the total number of PRACH transmissions is {2,4,8} for multiple PRACH transmissions with multiple Tx beams.

	CATT
	Proposal 1: Candidate values of the total number of PRACH transmissions per RACH attempt can be {2, 4, 8} for multiple PRACH transmissions with different Tx beams.

	CTC
	Proposal 2: The total number of multiple PRACH transmissions with different Tx beams refers to the valid ROs in the RO group configured for multiple PRACH transmissions with different Tx beams, the candidate value of which should be {2, 4, 8}.

	Xiaomi
	Proposal 2: Adopt {2, 4, 8} as the candidate values of the number of multiple PRACH transmissions.

	Transsions Holding
	Proposal 3: It is recommended that the total number of PRACH transmissions, in addition to 8, can also be {2, 4}.

	ZTE, Sanchips
	Proposal 5: The PRACH sweeping factor should be introduced to define the RO group size, which represents the maximum number of ROs that a UE can utilize for PRACH sweeping transmission. And the following two cases should be considered to determine the ROs used in PRACH transmission:
· Case-1: ROs used for PRACH sweeping are selected from the RO group according to UE capability by assuming that a different beam is used for each selected RO.
· Case-2: All ROs are used by allowing the coupled operation between PRACH sweeping and PRACH repetition in one PRACH transmission, i.e., one beam can be used for multiple ROs.

	Panasonic
	Proposal 2: Support {2,4,8} as the candidate values of total number of PRACH transmissions with different Tx beams.

	ETRI
	Proposal 1: The number of Tx beams are determined by the number of possible indication.
[bookmark: _Ref213335607]Proposal 4: Configuration by RRC signaling (e.g., SIB1) for the maximum number of Tx beams (e.g., up to 8) for multiple PRACH transmissions with different Tx beam.
[bookmark: _Ref213335614]Proposal 5: RO group size can be 2, 4 in addition to 8.

	Apple
	Proposal 2: For multiple PRACH transmission with different Tx beams, candidate values of the total number of PRACH transmissions are {2, 4, 8}.

	Lenovo
	Proposal 2: Candidate values of the total number of PRACH transmissions with different Tx beams are {2,4,8.}, and configured RSRP thresholds could be used to determine the used repetition number. 
Proposal 3: It’s based on UE’s implementation to use same Tx beam or different Tx beam to transmit PRACH.

	Sharp
	Observation 3
· The exact candidate values appear to refer to the size of the configured RO group, and may not need to cover all possible numbers of Tx beams for multiple PRACH transmissions.
Proposal 1
· For multiple PRACH transmissions with different Tx beams
· At least repetition level of 2 and 4 is supported. FFS: repetition level of 8.
· FFS: more than one repetition levels can be configured simultaneously. 

	NTT DOCOMO
	Proposal 4: Candidate values for the number of PRACH transmissions with different beams are {2, 4, 8}.


Round 1
FL Observations:
NO COMPANIES have concerns on the value {2,4,8}. In last meeting, we were very close to reach an agreement on this issue, while companies are not fine with the wording. However, in the contributions FL didn’t see too much clarification/modification on the “total number of PRACH transmission”. And the clarifications given by companies are mainly reply to companies who have concerns on this issue last meeting. Thus, FL would like to use the quite stable version (at least from FL’s perspective) of the proposal in last meeting again. 

FL’s Proposal 1-4:
Candidate values of the total number of PRACH transmissions with different Tx beams are {2,4,8}.

Companies are welcomed to provide your comments on FL’s Proposal 1-4 in the following table. 
NOTICE: If you reply “Y” to this proposal without comments, it means you are also fine with the current wording (the same to other proposals). If companies still have concerns on the wording, or need some further clarification, it is totally fine for FL, PLEASE COMMENT BEFORE ONLINE. FL really doesn’t want to waste time on refining the wording in the online session.  
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Ofinno
	Y
	

	vivo
	N
	The wording needs to be updated a bit, since current wording might be misunderstood as that the number of repetitions is the same as number of beams.

FL’s Proposal 1-4:
Candidate values of the total number repetition factors for of PRACH transmissions with different Tx beams are {2,4,8}.




Issue#1-5: Differentiation of PRACH resources
Companies’ views on Issue#1-5 can be found as follows.
	Company
	Proposals

	LGE
	Proposal 6: Clarify whether the following case should be considered as Separate RO in the Rel-20 Coverage Enhancement Work Item:
· Reusing RO(s) not used for multiple PRACH transmissions with same Tx beam (but indicated in the same RACH configuration) for multiple PRACH transmissions with different Tx beam.

	Vivo
	[bookmark: _Ref141372461]Proposal 2: Reuse the mechanism of PRACH repetition number differentiation for the purpose of differentiating PRACH repetition with same or different TX beams, detailed signalings depend on the discussions on the indication of number of TX beams in RAN1 and are up to RAN2 to define based on RAN1 agreements.
[bookmark: _Ref213263250]Observation 1: For supporting Type-B PRACH repetition resource configured in CFRA and SI request procedures, dedicated signalings, depending on RAN1 agreements on the indication of number of TX beams, can be included in rach-ConfigDedicated IE and SI-RequestConfigRepetition IE to indicate the repetition type and the number of TX beams.


	Huawei, Hisilicon
	[bookmark: _Ref212646204]Proposal 1: New separate preamble set is assigned to Rel-20 PRACH repetition feature, i.e., PRACH transmission repetition using multiple Tx beams, using the feature combination field. 
[bookmark: _Ref212646208]Proposal 2: Separate RO sets for PRACH repetition using multiple Tx beams are configured via RRC.

	Xiaomi
	Proposal 3: Support separate PRACH resources configuration between the multiple PRACH transmissions with the same beam and multiple PRACH transmissions with different beams. 
Proposal 4: Support the configuration of multiple candidate values for the number of PRACH transmissions, where each configured value corresponds to a separate set of separate PRACH resources.
Proposal 5: The detailed design of the signaling for configuring separate PRACH resources is left to RAN2 for further discussion
Proposal 6: The selection between multiple PRACH transmissions with the same Tx beam and multiple PRACH transmissions with different Tx beams is left to RAN2 for resolution.

	Samsung
	Observation 1: Configuring separate preamble sets associated with new features of multi-beam PRACH increases signalling overhead and feature complexity.
Proposal 1: Preambles for repetitions using the same Tx beam and different Tx beams can be both configured under the feature of msg1-Repetition.

	ZTE, Sanchips
	Proposal 2:  To differentiate multiple PRACH transmissions with same Tx beam and different Tx beams by using separate ROs, the following RRC parameters combination is considered for configuring ROs for multiple PRACH transmission with different Tx beams: 
· A new RRC parameter used to configure the starting RO of the first RO group for multiple PRACH transmission with different Tx beams;
· The existing RRC parameter of time offset. 

	Lenovo
	Proposal 1: To configure dedicated ROs or dedicated preambles on shared RO for multiple PRACH transmissions with different Tx beams, down-select one of the following two options.
· Option 1: Define a new feature for multiple PRACH transmissions with different Tx beams 
· Option 2: Reuse the legacy feature “msg1-Repetitions” for RACH resource configuration.  

	NTT DOCOMO
	Proposal 2: UE determines whether to select PRACH resource for multiple PRACH transmissions with different beams based on UE capability of beam correspondence with or without TX beam sweeping.
· If UE supports none of Rel-15/16 beam correspondence without TX beam sweeping, UE selects PRACH resource for multiple PRACH transmissions with different beams.
· If UE supports at least one beam correspondence without TX beam sweeping out of Rel-15/16 beam correspondence capabilities, UE selects PRACH resource for single PRACH transmission or PRACH resource for PRACH repetitions with same beam, based on RSRP threshold for Msg 1 repetition. 

	Ericsson
	[bookmark: _Toc213423367]Observation 6: Rel-17 frameworks of FeatureCombination-r17 and AdditionalRACH-Config-r17 can enable differentiation of multiple PRACH transmissions with the same or different Tx beams, either by assigning separate preambles within a shared RO or by configuring separate ROs, respectively.


Round 1
FL Observations:
In last meeting, the following agreement was reached.
	[bookmark: _Hlk214053353]Agreement @122bis
[bookmark: _Hlk214005806]Support to use separate ROs or separate preambles on shared RO to differentiate multiple PRACH transmissions with same Tx beam and different Tx beams.
· FFS: details


The basic motivation of this proposal is to reuse he feature combination mechanism used for multiple PRACH transmissions with same Tx beam for multiple PRACH transmission with different Tx beams. And according to the contributions, FL think it is also the common understanding. But companies may have different views on some of the details. 
The key issue is whether multiple PRACH transmission with same Tx beam and with different Tx beams should be configured in two different features, i.e., introducing a new parameter in the feature combination. However, since the AdditionalRACH-Config IE can be used to define separate RO sets for PRACH repetition using different number of different/same Tx beams, FL think it doesn’t really matter whether new separate preamble sets are assigned to multiple PRACH transmission with different Tx beams. Thus, the following proposal is proposed.
FL’s Proposal 1-5:
Support to configure separate ROs or separate preambles on shared RO to differentiate different number of multiple PRACH transmissions with different Tx beams via RRC parameters.
· Whether introduce a new parameter in Feature Combination for multiple PRACH transmissions with different Tx beams is decided by RAN2.
· Other details can be decided by RAN2.
Companies are welcomed to provide your comments on FL’s Proposal 1-5 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	N
	It is up to RAN2. 

	Ofinno
	Y
	Agree with FL’s assessment

	vivo
	
	The first bullet can be updated to “a single feature is supported for PRACH repetitions with same or different repetitions, and it’s up to RAN2 to decide on how to define RRC parameters to support PRACH resource partitioning”. 
There’s no need to define a new bit in the bitmap for FC, since PRACH partitioning can be achieved even if PRACH repetition with same and different beams are of same feature.




Issue#1-6: Criteria of determination of repetition times for Multiple PRACH transmissions with different Tx beams 
Companies’ views on Issue#1-6 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 2: For the determination of the total number of multiple PRACH transmissions with different Tx beams per RACH attempt, Option 1 (RSRP-based method) can be applied. 
Proposal 3. For RSRP thresholds configuration of PRACH repetition, separate RSRP thresholds for PRACH repetition with different Tx beams can be configured.

	LGE
	Observation 5: Determination of the Total Number of Multiple PRACH Transmissions with Different Tx Beams per RACH Attempt
· Option 1 (RSRP-based method): Required when the design aims to achieve coverage enhancement through repetition. If partial PRACH transmissions with the same Tx beam are indicated within multiple PRACH transmissions with different Tx beams, this option is necessary to determine the number of such transmissions based on the measured RSRP and a given threshold.
· Option 2 (Up to UE implementation): Suitable when the UE selects the number of PRACH transmissions with different Tx beams based on the number of available Tx beams. This approach can be left to UE implementation without requiring additional signaling.
· Option 3 (Based on the number of different Tx beams used by the UE for one RACH attempt, or based on the number of Tx antennas/panels of the UE): Appropriate when, in addition to selecting the number of PRACH transmissions, the UE is expected to provide an early indication of its Tx beam capability during the RACH procedure. This option supports capability signaling and may assist the gNB in beam management.

Proposal 7: one or multiple options among following three options can be supported depending on the purpose of the multiple PRACH transmission with different beams
· Option 1 (RSRP-based method), Option 2 (Up to UE implementation), Option 3 (Based on the number of different Tx beams used by the UE for one RACH attempt, or based on the number of Tx antennas/panels of the UE)
· If early indication of UE Tx beam capability is required during the RACH procedure, Option 3 can be supported. Otherwise, Option 2 is concluded. 
· If agreement is reached to support partial PRACH transmissions with the same Tx beam within multiple PRACH transmissions with different Tx beams, Option 1 can be supported.

	Vivo
	[bookmark: _Ref142035928]Observation 2: PRACH coverage may be worse with Type-B PRACH repetition compared to Type-A PRACH repetition.
[bookmark: _Ref210141294][bookmark: _Ref141372463]Proposal 3 The RSRP of the downlink pathloss reference should be within a range between a lower RSRP threshold and a higher RSRP threshold so that a Type-B PRACH repetition can be selected for a given repetition number.

	Huawei, Hisilicon
	[bookmark: _Ref212646212]Proposal 6: For multiple PRACH transmissions with different Tx beam, SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions for the first RACH attempt.
· the candidate values of the SSB-RSRP threshold(s) reuse Rel-18.
· when transmission patterns determined by repetition number and maximum Tx beams are configured, the SSB-RSRP threshold(s) should be indicated per transmission pattern.

	CATT
	Proposal 3: Support RSRP-based method to determination of the total number of multiple PRACH transmissions with different Tx beams per RACH attempt
· Introduce separate RSRP thresholds for PRACH transmissions with different Tx beams to determine the total number of multiple PRACH transmissions.
Proposal 7: Support power ramping between different RACH attempts for multiple PRACH transmissions with different Tx beams.
· Power ramping suspends if at least one spatial domain transmission filter changes compared with the last RACH attempt.

	CTC
	Proposal 1: An RSRP threshold should be introduced to determine that multiple PRACH transmission can be transmitted with different Tx beams. 
Proposal 3: For the total number of multiple PRACH transmissions with different Tx beams per RACH attempt, it should be up to UE implementation.
· The number valid ROs in the RO group selected by UE is the maximum times of multiple PRACH transmission with different Tx beams. 

	OPPO
	[bookmark: _Hlk213418095]Observation 3: Considering that it is up to UE to determine the Tx beam, it is very difficult to define the RSRP thresholds corresponding to different number of transmissions to ensure the coverage performance for multiple PRACH transmissions.
Proposal 3: It is difficult to define the RSRP thresholds corresponding to different number of PRACH transmissions to meet the coverage performance since beam selection is up to UE implementation.
Proposal 4: It is more feasible to determine RSRP thresholds for the number of PRACH transmissions per RO subgroup than for the total number of multiple PRACH transmissions.
Proposal 5: Other than RSRP based method, following can be considered for the determination of the total number of multiple PRACH transmissions K:
· Option 1: gNB configures P for each K.
· It is up to UE to select the P, then derive the K by the association.
· Option 1-1: gNB configures P for each K, and the corresponding RSRP thresholds for each P.
· UE selects the P based on the RSRP thresholds, then derive the K by the association between the K and P.
· Option 2: gNB configures P, and the corresponding Q for each P.
· It is up to UE to select the P, then derive the K by K=P*Q
· Option 2-1: gNB configures P, the corresponding Q and RSRP threshold for each P.
· UE selects the P based on the RSRP thresholds, then derive the K by the K=P*Q.
· Note: 
· P means the number of PRACH transmission per RO subgroup.
· Q means the number of RO subgroups.
· K means the total number of multiple PRACH transmissions.

	Samsung
	Observation 2: The instability of the UL Tx beam sweep gain makes the legacy RSRP-threshold-based method unsuitable for determining the preamble repetition number. 
Observation 3: Network can configure separate RACH resources associated with different PRACH repetition numbers for multiple PRACH transmissions with different Tx beams.  
Proposal 3: Support determination of PRACH repetition number based on the number of different Tx beams supported by the UE for one RACH attempt.
Proposal 4: The PRACH repetition number UE determines from the candidate values should be smaller or equal to the number of Tx beams that UE supports. 

	ZTE, Sanchips
	Proposal 3: RSRP threshold can be considered as a factor for triggering PRACH sweeping, 
· FFS: Whether the existing RSRP-Threshold configured for PRACH repetition with factor of 2 can be reused for PRACH sweeping.
Proposal 4: RSRP threshold(s) can be considered as a factor for determining the total number of PRACH sweeping, 
· FFS: Whether the existing RSRP Thresholds configured for PRACH repetition with different factors can be reused for PRACH sweeping.

	Panasonic
	Proposal 3: For determining {2,4,8} PRACH transmissions, at least to support 3 corresponding SSB-RSRP thresholds, respectively. 
· FFS on what assumption is used for RSRP related to partial coherent combining.

	ETRI
	[bookmark: _Ref213335603]Proposal 3: Determine the sweeping factor with a separate RSRP threshold, distinct from the repetition threshold.

	Nokia
	Proposal 3. Before agreeing on whether to use RSRP thresholds for the PRACH repetitions with different TX beams, RAN1 to discuss whether UEs that are not experiencing coverage shortage, but are only unable to fulfill the beam correspondence requirement without UL beam sweeping, should be able to use this feature. Details can be left FFS for now. 

	Interdigital
	[bookmark: _Hlk213150348]Proposal 1: Introduce conditions for a UE to determine the number of repetitions/beams for Msg1 transmission, e.g., based upon received signal strength and degree of misalignment for UE UL beam, etc.
Proposal 3: Support UE determination of number of spatial Tx beams based upon configuration, beam correspondence capability and/or UE antennas.
Proposal 4: Support UE determination of the number of repetitions per spatial Tx beam based upon RSRP. 

	Ofinno
	Proposal 5: Consider Option 1 for determination of the total number of repetitions per RACH attempt.

	Apple
	Proposal 3: RSRP thresholds are applied to determine numbers of PRACH transmissions for the multiple PRACH transmissions with different Tx beams.

	Sharp
	Proposal 3
· At least RSRP threshold can be configured to determine the number of repetitions for multiple PRACH transmissions with different Tx beams. 
· FFS: other criteria

	Qualcomm
	Observation 1: RSRP thresholds may not serve as an appropriate selection criteria for the number of Tx. Beams.
Proposal 9: Multiple PRACH transmission with Tx beam sweeping is not to be limited to cell-edge UEs.

	NTT DOCOMO
	Proposal 5: For a UE who requires TX beam sweeping for beam correspondence, the UE determines one value based on TX beam sweeping capability, i.e. based on the number of supported TX beams.

	CEWIT
	Proposal 1: RSRP threshold based PRACH repetitions should not be supported in Rel-20 PRACH repetitions.
Proposal 2: UE identifies the number of repetitions based on the available UL Tx beams

	Denso
	Proposal 3:	For multiple PRACH transmissions with different Tx beams, the number of repetitions can be determined by the RSRP based method.

	Ericsson
	[bookmark: _Toc213423368]Observation 7: Supporting multiple candidates for the number of PRACH transmissions with different Tx beams is not strictly necessary, as the primary objective of the WID is to enable beam sweeping for UL beam determination. Allowing the UE to transmit on up to 8 ROs, with Tx beam selection left to UE implementation, fulfills this objective while avoiding additional specification effort and maintaining flexibility and efficient RACH resource utilization.
Observation 8: the use of an SSB-RSRP threshold enables the UE to determine whether multiple PRACH transmissions with beam sweeping are needed to achieve additional gain over a single transmission. Defining separate thresholds for same and different Tx beams may introduce non-trivial complexity, hence, this can be left to UE implementation.
[bookmark: _Toc213423389]Proposal 3: Support 8 PRACH transmissions per RACH attempt as a single candidate value (without additional down-selection), with the actual number of transmissions determined by UE implementation.
[bookmark: _Toc213423390]Proposal 4: Support configuration of an SSB-RSRP-based thresholding procedure to determine whether multiple PRACH transmissions with different Tx beams are required rather than a single PRACH transmission, leaving the distinction between using the same or different Tx beams for multiple PRACH transmissions to UE implementation.


Round 1
FL Observations:
For the criteria of the determination of repetition times for multiple RPACH transmissions with different Tx beams is a controversial. Based on the contributions, FL think there are two points need to be noticed: 
1. If gNB can’t acquire a detection gain for multiple RPACH transmissions with different Tx beams.
a) If no detection gain can be acquired, when UE uses the best beam for multiple RPACH transmissions with same Tx beam, the performance can be better than that of multiple RPACH transmissions with different Tx beams.
b) If no detection gain can be acquired, the working RSRP for multiple RPACH transmissions with different Tx beams with less Tx beams may not be higher than more Tx beams.
2. Whether Cell-Center UE with good coverage who just can’t fulfil the beam correspondence can use this feature. (pointed by Nokia, Qualcomm)
a) If so, there is no reason to use the RSRP based criteria for multiple RPACH transmissions with different Tx beams.
Based on the above observations and contributions, FL would like to first discuss the following question.
FL’s question 1-6a
Whether a larger detection gain can be acquired for multiple RPACH transmissions with different Tx beams when more Tx beams are used? 
Companies are provided to your answers and comments of FL’s question #1-6a in the following table. 
	Company
	Y/N
	Comments

	vivo
	N
	The PRACH repetition with same TX beam provides better coverage than that with different TX beams.

	
	
	


FL’s question 1-6b
Whether multiple RPACH transmissions with different Tx beams can be applied to UE with good coverage but can’t fulfil the beam correspondence requirement? 
Companies are provided to your answers and comments of FL’s question #1-6b in the following table. 
	Company
	Y/N
	Comments

	vivo
	Y
	This can be achieved when the RSRP range is configured as large as possible. Everything is up to gNB to configure.
But in any case, RSRP based method can be used.

	
	
	



Then, first we should first discuss the criteria for determination of using multiple RPACH transmissions with different Tx beams or multiple RPACH transmissions with same Tx beam. 
If this feature should be applied to Cell-edge UEs only, even though there is no combination detection gain for multiple RPACH transmissions with different Tx beams, the working RSRP for multiple RPACH transmissions with different Tx beams and multiple RPACH transmissions with same Tx beam can be different, as pointed by companies (vivo, China Telecom, Ericsson), otherwise, the only determination criteria is the beam correspondence capability of UE. Thus, the following proposal is proposed.
FL’s Proposal 1-6a:
For the determination of multiple PRACH Transmission with same or different Tx beam(s), based on one of the following criteria,
· RSRP threshold
· UE’s beam correspondence capability
Companies are welcomed to provide your comments on FL’s Proposal 1-6a in the following table.
	Company
	Y/N
	Comments

	vivo
	
	There’s no need to discuss beam correspondence capability. There will be PRACH repetition with different TX beam UE capability discussion in the end of this topic, independent from beam correspondence capability.
therefore, 2nd bullet can be removed at this stage.

	
	
	



For the companies think there can be detection gain, they support to use the RSRP based method for determination the repetition times (Spreadtrum, UNISOC, LGE, Huawei, Hisilicon, CATT, ZTE, Sanchips, ETRI, Panasonic, Ofinno, Apple, Sharp, Denso). For companies think there could be no detection gain with more different Tx beams used, or the UE with good coverage can also use this feature, they don’t think a single RSRP based criteria make sense (LGE, vivo, CTC, OPPO, Samsung, Interdigital, Qualcomm, CEWiT). And FL try to ask whether the we can narrow down the options to the following 3 options:
For option1 is for the companies whose answer to question 1-6a is Y, and to question 1-6b is N.
For option2 is for the companies whose answer to question 1-6b is Y.
For option3 is for the companies whose answer to question 1-6a is N, and to question 1-6b is N.

FL’s question 1-6c:
Whether the determination of total number of multiple RPACH transmissions with different Tx beams per RACH attempt can be down-selected from the following options:
· Option 1: RSRP-based criteria 
· Option 2: up to UE implementation
· Option 3: based on the number of Tx beams used by UE for one RACH attempt
Companies are welcomed to provide your comments on FL’s question 1-6c in the following table.
	Company
	Y/N
	Comments

	Ofinno
	Y
	We support option 1 that it should be based on RSRP thresholds, since the objective of this WI is coverage enhancement. 

	vivo
	Y
	Option 1 with 2 RSRP thresholds defined for each repetition factor for PRACH repetition with different TX beams. The RSRP values are up to gNB to configure. There’s no need to worry about the targe coverage of target UEs for such PRACH repetition.


Issue#1-7: Indication of UL beam information to UE
Companies’ proposals on Issue#1-7 can be found as follows 
	Company
	Proposals

	Spreadtrum, UNISOC
	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Proposal 5: For MSG3 retransmission scheduled by DCI format 0_0, separate beam indication of MSG3 PUSCH retransmission in DCI format 0_0 with CRC scrambled by TC-RNTI is supported.
Proposal 6: A fixed bits length in FDRA field in DCI format 0_0 is used to indicate application beam of MSG3 PUSCH re-transmission.

	LGE
	Observation 6: For the indication of the UL beam information, the five identified options can be evaluated as follows
· Option 1: Implicit indication via RA-RNTI
May be feasible but requires complex association and inference logic at the UE side.
· Option 2: Explicit indication via DCI format 1_0
Provides direct signaling but may introduce significant overhead depending on the number of beams and preamble indices.
· Option 3: Explicit indication via repurposed UL Grant field in RAR
Efficient reuse of existing bits with minimal restriction; considered a practical and low-impact solution.
· Option 4: Explicit indication via new MAC RAR field
Offers flexibility but may lead to increased signaling overhead due to byte alignment requirements.
· Option 5: Explicit indication via repurposed MAC RAR bits
Not feasible due to lack of explicitly defined reusable bits in Timing Advance Command and Temporary C-RNTI fields.
Proposal 8: For the indication of the UL beam information, support Option 3 (explicitly indicated by repurposing field(s) in UL Grant in RAR)
Proposal 9: For The exact content of UL beam information, adopt a method that uses the index of the resource associated with the Tx beam (e.g., sequential indexing of valid ROs included in the number of PRACH transmissions), instead of directly indicating the Tx beam index.
Observation 8: In the conventional RACH procedure, the UE uses the same Tx beam for Msg3 PUSCH and PUCCH transmission as the one used for the successfully received PRACH transmission.
Proposal 11: In case multiple PRACH transmission with different beams, for msg3 PUSCH transmission / PUCCH transmission, define UE behavior such that the UE either
· Follows the most recently received Tx beam indication from the gNB, or  
· Uses the Tx beam that was successfully used in the most recent UL transmission.

	vivo
	[bookmark: _Ref209729529]Observation 6: Additional RO timing information indication is needed if the assistant information is implicitly indicated via RA-RNTI.
[bookmark: _Ref209729534]Observation 7: For assistant information indication in RAR, no reserved bits are available in existing MAC PDU of RAR, repurpose of existing fields of existing RAR would be challenging, and introducing additional fields in a new RAR format may be needed.
[bookmark: _Ref209729561]Proposal 6: Option 2 and option 4 can be considered as candidate solutions to be further studied for indication of assistant information.
[bookmark: _Ref209729566]Proposal 7: RAN1 to discuss whether and how assistant information would be used by UE for UL transmissions after successful reception of RAR, and its specification impacts if any.


	Huawei, Hisilicon
	Proposal 5: A single UL beam is indicated to the UE by the gNB for the transmission of Msg3.
· It is up to UE implementation the determine the UL beam to be used.
[bookmark: _Ref212646148]Observation 5: Introducing a new field in MAC RAR to indicate the UL beam may cause a waste of bits and unnecessary specification impact.
[bookmark: _Hlk210057649][bookmark: _Ref212646215]Proposal 8: Support Option 1, i.e., implicitly indicated by RA-RNTI, for indicating the UL beam information.

	CATT
	Proposal 5: The content of UL beam information is the RO index within a RO group.
Proposal 6: UL beam information is explicitly indicated by repurposing field(s) in UL Grant in RAR (i.e. Option 3) or repurposing bits in MAC RAR (i.e. Option 5).

	CTC
	Observation 1: If RA-RNTI is used for indicating UL beam to UE when multiple PRACH transmissions is with different Tx beams, there could be cases that a same RA-RNTI associated with different ROs supposed to using different Tx beams.
Observation 2: For option 4, introducing a new field in MAC RAR to indicate the UL beam may cause a waste of bits and too much spec impact.
Observation 3: The 1-bit in CSI request field, X(X=1/2) LSB bits of TPC command for PUSCH field can be reused for indicating the UL beam for Msg3 beam selection, but there is no enough bits available in a single field in MAC RAR can be repurposed for indicating the UL beam independently. 	
Proposal 4: For the indicating the UL beam information, support to use one of the following options:
· Option 2: explicitly indicated by the reserved bits in DCI format 1_0 with CRC scrambled by RA-RNTI 
· Option 3: explicitly indicated by repurposing the CSI request and 2 LSBs of TPC command in UL Grant in RAR

	Xiaomi
	Proposal 7: Support using only RSRP threshold(s) as the criterion for determining the number of PRACH repetitions.  
· Multiple RSRP thresholds can be configured, each threshold associated with a configured PRACH transmission number.

	OPPO
	Proposal 6: gNB indicates the RO resources corresponding to the optimal Tx beam used by UE.

	Samsung
	Proposal 5: Down select the option for indicating the UL beam information from option 3, 4 and 5.
Observation 4: Providing multiple UL Tx beam info may help UE for MSG3 beam selection but introduce signaling overhead compared to providing single beam info.
Proposal 6: RAN1 to clarify whether the scope of beam information is limited to single beam or multiple beams. 
Observation 5: Determination of exact content of UL beam information impact the selection of indication method. 
Proposal 7: Support RO (index) within the RO set as exact content of UL beam information where the ROs is indexed within the RO set used for multiple PRACH transmissions with different UL beams.


	Transsions Holding
	Proposal 4: It is recommended that either option 2 (explicitly indicated by DCI format 1_0 with CRC scrambled by RA‑RNTI, e.g., reserved bits) or option 4 (explicitly indicated by introducing a new field in MAC RAR) can be supported.

	ZTE, Sanchips
	Observation 2: Scheduling flexibility of Msg3 PUSCH will be affected by repurposing field/bit(s) under Option 3 and Option 5. While Option 4 requires defining a new MAC RAR structure, which will bring considerable standardization complexity. 
Proposal 7: Regarding indication of UL beam information, one or a combination of the following options can be considered, 
· Option 1: Implicitly indicated by RA-RNTI;
· Option 2: Explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., reserved bits).

	Panasonic
	Proposal 7: Support specify a unified solution for indicating UL beam for Msg3 PUSCH transmission for 2 capabilities of UE, i.e., UE with or without capable of Msg3 PUSCH repetition.
Proposal 8: Support to indicate UL beam information in MAC RAR
· FFS: Content of UL beam information

	ETRI
	[bookmark: _Ref213335633]Proposal 6: Support Option 1 for the specification of implicit UL Beam Indication utilizing RA-RNTI through any selection of the followings;
· Option 1a: 3-combination
· Usage of separate ROs on shared RO to differentiate single/multiple PRACH transmissions with same Tx beam and different Tx beams.
· Usage of another RA-RNTI for multiple PRACH transmissions with different Tx beam that can be configured outside of the ranges applied by legacy RA RNTI such as RA-RNTI and MSGB-RNTI.
· Utilization of QCL relationship of CORESET for Msg2 PDCCH monitoring.
· Option 1b: 2-combination
· Definition of another RA-RNTI including implicit beam-specific parameters (i.e. using SSB-to-RO mapping rule) to enable implicit signaling of the best UL beam information for group casting indication for RACH attempt with same RO.
· Utilization of QCL relationship of CORESET for Msg2 PDCCH monitoring.
[bookmark: _Ref213335661]Proposal 7: Select Option 3 or 5 for explicit UL Beam Indication via RAR UL Grant
· Support explicit UL beam indication within the RAR UL Grant (e.g., by repurposing existing field(s) in the RAR UL Grant or utilizing a partitioned field). 
· The exact content of the UL beam information shall be the SSB index or corresponding UL beam index selected by the gNB, necessary for Msg3 beam selection


	Nokia
	Proposal 4. For indication of UL beam information, RAN1 to downslect from Option 2 and Option 3, as per agreement made during RAN1 #122-bis, that is:
· Option 2: explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., reserved bits)
· Option 3: explicitly indicated by repurposing field(s) in UL Grant in RAR

	Interdigital
	[bookmark: _Hlk213150480]Proposal 5: Support beam indication (e.g., among the beams swept for Msg1) in Msg2 for the subsequent RACH operation and UE transmissions. 
[bookmark: _Hlk213150500]Proposal 6: Support indicating the UL beam information via use of RA-RNTI corresponding to the RO of the suitable beam. 

	Ofinno
	Proposal 4: Support Option 1 or Option 2 for indicating the UL beam information to the UE.
Observation 3: The current WID mentions Msg3 explicitly, but it is not defined whether the same UL beam information may be reused for subsequent uplink transmissions prior to dedicated configuration.
Proposal 6: Consider which uplink transmissions may use the UL beam information indicated after Msg1, e.g., PUSCH/PUCCH transmissions before TCI state activation or default beam selection after BFR.

	Apple
	Proposal 4: Using reserved bits in DCI format 1_0 to indicate the best UL Tx beam for Msg3 PUSCH transmission.

	KT
	Proposal 2: RA-RNTI for the RAR for the multiple PRACH transmissions with different Tx beams is determined from the RO with the last in time in the RO group for the multiple PRACH transmissions.
Proposal 3: RAPID of the RAR for the multiple PRACH transmissions with different Tx beams indicates the index of the PRACH preamble with the best beam.
Proposal 4: For Msg3 PUSCH initial transmission, RAR UL grant can be used for UL beam indication (Option 3).
· One or multiple fields can be combined to indicate the UL beam information (e.g., FDRA and CSI request fields).
Proposal 5: UL beam information denotes the transmission occasion of corresponding RO or repetition among PRACH transmissions with repetition.
Proposal 6: UL beam information includes information of multiple UL beams that can be applied for Msg3 PUSCH transmission.
Proposal 7: For Msg3 PUSCH retransmission, UL beam information can be explicitly indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
· An additional 1-bit signaling to indicate same or different beam between initial transmission and retransmission.


	Lenovo
	Proposal 6: Option 1 should be supported for indicating the Tx beam for Msg3:
· Option 1: implicitly indicated by RA-RNTI

	Sharp
	Proposal 4
•	For the indication of  UL beam information for Msg3 transmission, support Option 3, i.e., explicitly indicated by repurposing field(s) in UL Grant in RAR.
•	Tx beam information for Msg3 transmission is indicated using RO index associated with multiple PRACH transmissions with different Tx beams.

	Qualcomm
	Proposal 7: For multiple PRACH transmissions with different Tx beams, support beam indication in the MAC-CE of MSG2.
· RAN2 to determine the details of MAC-CE indication
Proposal 8: Discuss the potential benefits of indicating the best K beams.
	FFS: Value of K.
FFS: Relative RSRP differences across beams.

	NTT DOCOMO
	Proposal 7: Support a new field in RAR UL grant for indicating the Msg 3 UL beam information.
· One RO out of the RO group is indicated by the new field.
Proposal 8: For the new field in RAR UL grant indicating Msg 3 UL beam information: 
· The presence of the Msg 3 TX beam indication field in RAR is determined based on whether multiple PRACH transmissions with different beams is selected by UE in the RACH attempt.
· The field length for the Msg 3 TX beam indication field is determined based on the selected number of PRACH transmission beams. 

	ITRI, Acer
	Proposal 2: 
· Support indicating the UL beam information via RA-RNTI.

	ASUSTek
	Proposal 1: Down-select one among options below for indicating the UL beam information
· Option 2: explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., reserved bits)
Option 4: explicitly indicated by introducing new field in MAC RAR
Proposal 3: RAN1 study following aspects for Msg1 repetition with different TX beams:
· After RA procedure is completed, which TX beam is used as default beam for UL transmission before receiving TCI state indication.
· Whether it is feasible to up to UE implementation to apply the indicated UL beam information for subsequent uplink transmission, e.g. Msg3 or PUCCH of Msg4, or not.
· Study the number of TX beams indicated in UL beam information for assisting Msg3 transmission.

	Denso
	Proposal 1:	Support the following option for indicating UL beam information:
· Option 3: explicitly indicated by repurposing field(s) in UL Grant in RAR
Proposal 2:	RAN1 to discuss whether UL beam information can be indicated by DCI 0_1 with TC-RNTI for Msg3 retransmissions.

	Ericsson
	[bookmark: _Toc213423370]Observation 9: To minimize specification impact and signaling overhead while fulfilling the WID objective, the network may indicate one of the UL Tx beams by using the RO index (among up to eight ROs within a group), allowing the UE to infer the indicated UL beam information based on the Tx beam used for the corresponding RO.
[bookmark: _Toc213423371]Observation 10: For indicating UL beam information for subsequent UL transmissions, Options 1–3 are not preferred as they either increase UE complexity (Option 1), cause multiple UEs to receive the same beam information and lead to decoding ambiguity for legacy UEs (Option 2), or constrain UL Grant configurations (Option 3). Therefore, Option 4 or 5, involving the introduction or repurposing of a MAC RAR field, is preferred, with the final selection to be handled by RAN2 since there is no RAN1 impact.
[bookmark: _Toc213423391]Proposal 5: Support network indication of one UL transmit beam, encoded by the RO index within an RO group, for PRACH transmissions using different Tx beams.
[bookmark: _Toc213423392]Proposal 6: Support Option 4 or 5 for indicating UL beam information for subsequent UL transmissions, with the down-selection to be handled by RAN2.



Round 1
FL Observations:
The most important of this issue is the indication method. The pros & cons, concerns of all the options are summarized as below.
	Options
	Pros(According to contributions, companies can provide more)
	Cons(According to contributions, companies can provide more)
Note: doesn't mean this opiton is not feasible, but means this option is not good
	Supporting companies (According to the contributions, companies can have a check and modification)
	Concerns (According to contributions, companies can provide more)
Note: Concern means the reason that this option is not feasible 

	1：implicitly indicated by RA-RNTI
	#1: No signaling overhead 
	#1: high complexity to detect multiple RA-RNTI for UE 
	Huawei, xiaomi, ZTE, Interdigital, Ofinno, Lenovo, ITRI, Acer
	#1: there would be same RA-RNTI for multiple ROs in one RO group according the RA-RNTI calculation

	2：explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., reserved bits)
	#1: enough bits 
#2: No increased UE complexity
	
#1: using reserved bits of a control channel that schedules a downlink transmission to assist an uplink transmission is not a very clean solution
	vivo, CTC, Transsions Holding, ZTE, Nokia, Ofinno, ASUSTek
	[bookmark: _Hlk213942679]#1: cannot indicate separate UL beam to multiple UEs with the same RA-RNTI

	3:explicitly indicated by repurposing field(s) in UL Grant in RAR
	#1. No impacts on RAR and RAR grant, size and fields
#2. Reuse the same method of indicating channel access in NR-U (by FDRA)
#3: No increased UE complexity
	#1: repurpose of existing fields of existing RAR would be challenging, reducing the flexibility
	FDRA: Spreadtrum, CATT 
LGE, CTC (with multiple fields), Xiaomi, Samsung, Panasonic, ETRI, Nokia, KT, Sharp, Denso
	#1: no enough bits in single field 

	4:explicitly indicated by introducing new field in MAC RAR
	
#1: No increased UE complexity
	#1. should be RAN2's scope 
#2. This can result in a significant increase in overhead, i.e., 8 bits 
#3. will results in a new MAC RAR structure and bring considerable standardization complexity
	vivo, Samsung, Transsions Holding,  Panasonic (1st priority),  DOCOMO, ASUSTek, Ericsson
	#1: may results in the misinterpretation of sebsequent bytes of next subPDU 

	5: explicitly indicated by repurposing bit(s) in MAC RAR
	
#1: No increased UE complexity
#2: first reserved can be used to indicate whether the UL Grant is repurposed
	#1; Should be RAN2 scope 
	CATT, Samsung, Panasonic, ETRI, Ericsson
	#1: no reserved bits are available for new signaling any more


For each option, companies propose the concerns on it, which means the options may not feasible. FL would like to check the feasible of each option in the 1st round discussion first. Thus, according to the contributions, companies please reply to the following questions: 
FL’s question 1-7a
Do you think Option 1 is not feasible due to the following reason: there can be same RA-RNTI for multiple ROs in one RO group according the legacy RA-RNTI calculation? 
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply to the concern

	Spreadtrum
	Not feasible
	Besides same RA-RNTI issue above, it also has huge PDCCH detection impact which is unaffordable for UE implementation. 

	Ofinno
	Feasible
	Regarding the same RA-RNTI issue, it can be handled by NW. For example, network implementation may be able to solve conflicting RA-RNTI values

	vivo
	
	It’s not easy to make it feasible. E.g. some timing information may be needed in DCI for RAR scheduling as well.



FL’s question 1-7b
Do you think Option 2 is not feasible due to the following reason: Option 2 cannot indicate separate UL beam to multiple UEs with the same RA-RNTI. 
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply to the concern

	Spreadtrum
	Not feasible
	Same understanding

	vivo
	Feasible
	This is a clean method without repurposing new fields. There’s no need to worry about RAR multiplexing in one PDSCH as pointed by some company. It’s up to gNB to make sure number of RARs in one PDSCH is not that large, or may be only single RAR in one PDSCH is supported for this PRACH repetition with different TX beams.



FL’s question 1-7c
Do you think Option 3 is not feasible due to the following reason: there is no enough bits in single field in UL Grant in RAR? (if you don’t agree, please list which field(s) can be repurposed)
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply

	Spreadtrum
	feasible
	FDRA field can be used for Tx beams of MSG3 PUSCH. Because small scheduling PRBs is more typical with limited uplink coverage, less bits in FDRA field do not harm much to MSG3 scheduling in this case. In addition, ChannelAccess-CPext also use FDRA field. same method can be applied. Such as a new field with 3 bits for MSG3 and 11 bits for FDRA. 
	PUSCH frequency resource allocation
	12, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
[11], in response to PRACH transmissions with different Tx beams 
14, otherwise




	Ofinno
	Feasible
	Similar view with Spreadtrum

	vivo
	
	Additional restrictions to existing features would be introduced which should be avoided though feasible.



FL’s question 1-7d
Do you think Option 4 is not feasible due to the following reason: this may result in the misinterpretation of subsequent bytes of next subPDU? 
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply

	Spreadtrum
	
	Not RAN1 scope. And do we really need a new MAC RAR, in this late NR release?

	vivo
	Yes
	This is a clean method, and can be up to RAN2 to discuss on how to defined a RAR with new fields.



FL’s question 1-7e
Do you think Option 5 is not feasible due to the following reason: no reserved bits are available for new signaling anymore? (if you don’t agree, please list which field(s) can be repurposed)
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply

	Spreadtrum
	
	Not RAN1 scope

	vivo
	
	Additional restrictions to existing features would be introduced which should be avoided though feasible.


The FL proposal on feasibility of all the options will be given according to the answers of companies. 
[Postponed]FL’s Proposal 1-7a:
Waiting for the companies’ input on question #1-7a~e.
[Not now] Companies are welcomed to provide your comments on FL’s Proposal 1-7a in the following table.
	Company
	Y/N
	Comments

	
	
	

	
	
	



Besides, FL plan to use an on-line excel for more efficient discussion on the down-selection issues since 2nd round discussion, but FL need to check whether the link is available for all the delegates. Thus, FL want to kindly ask companies to check whether you can open and edit on the following links (FL promises they are just two online excel tool for test, one is by cloud service of one-drive, another one is by the cloud service of WPS), each one may require to login/registration, if convenient, companies please give me a feedback on the availability of each link. And you can also leave your name in the excel after you arrive in Dallas for a double check, Thank you!
FL survey
Can you open and edit on one of the following tables (better double check after arriving in Dallas)
· One-drive: Test-onedrive
· WPS: Test-WPS
FL will be very appreciated if companies can help FL check the availability of the two links, thank you so much! 
	Company
	Onedrive
	WPS

	
	Can Open?
	Can Edit?
	Can Open?
	Can Edit?

	vivo
	N
	
	Requires registration of new account
	

	
	
	
	
	










Besides, there are three related issues also needs to be discussed.
The first one is the content of the indication. According to the contributions, one of the possible contents is the index of RO in the RO group. Thus, the following FL proposal is proposed.
FL’s Proposal 1-7b:
The content of the indication of UL beam information to UE is the RO associated with the corresponding UL beam.
Companies are welcomed to provide your comments on FL’s Proposal 1-7b in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	
	Support in principle, wording may be polished, such as RO index in a RO set.

	Ofinno
	Y
	Agree with Spreadtrum.

	vivo
	N
	RO should be updated to “one or multiple RO set indexes, where the RO set can include either single or multiple ROs.
“corresponding UL beam” can be removed, since it’s transparent to spec.
The content of the indication of UL beam information to UE is the one or multiple RO set index(es) associated with the corresponding UL beam.





The second one is how many UL beams can be indicated to UE. The majority view is only 1 beam can be indicated, while there are companies propose to indicate more than 1 beams. However, from FL’s perspective, this will result in a larger overhead of indication, and since the motivation of this feature is for UE without beam correspondence capability, FL this is unnecessary.
FL’s Proposal 1-7c:
GNB only indicate 1 UL beam to UE.
Companies are welcomed to provide your comments on FL’s Proposal 1-7c in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	N
	One UL beam for initial MSG3, or for both initial and re-transmission of MSG3? At least, we can focus on initial MSG3 first, one UL beam is enough. And then discuss whether a separate UL beam can be indicated for re-transmission of MSG3 by DCI. So some changes are proposed. 
GNB only indicate 1 UL beam to UE, at least to assist the UE decision on beam selection of initial Msg3 transmission.

	Ofinno
	Y
	

	vivo
	N
	The number of RO sets indicated to UE is up to gNB, it can be up to 8 in our view. Signaling overhead is not a problem if DCI for RAR or RAR with new field is used for the indication.



The third one UE can consider the indicated UL beam in the transmission of which signalling. However, since there is not enough input on this issue, FL would like only invite companies to provide your opinions on this issue, and this may not be discussed in any offline/online session in this meeting with lower priority.
FL’s question 1-7f
UE can use the indicated UL beam for the transmissions of which subsequent UL Channel/signalling?
Companies are welcomed to provide your comments on FL’s question #1-7f in the following table.
	Company
	Comments

	Spreadtrum
	If MSG3 is successfully received, subsequent UL channel/signalling can use same beam, such as MSG4 HARQ-ACK PUCCH and MSG5. But for MSG3 re-transmission, we believe it can separate discussion. Due to if MSG3 is failed, another UL beam may be better and indicated. 

	Ofinno
	Once the UL beam has been indicated to the UE for Mgs3, it can be used for other uplink transmissions that occur before dedicated beam configuration is provided. For example, after the UE completes the RA procedure but has not yet received TCI state activation, the UL beam indicated during the RA procedure could serve as a temporary default for initial PUSCH/PUCCH transmissions. 

	vivo
	Even for Msg3, it can be multiple RO set indexes indication, so it can be up to UE implementation.


Issue#1-8: Configuration of ROs using same Tx beams for multiple RPACH transmissions with different Tx beams
Companies’ views on Issue#1-8 can be found as follows.
	Company
	Proposals

	LGE
	Observation 3: In multiple PRACH transmissions with different Tx beams, it is reasonable to assume that the UE may reuse the same Tx beam for some transmissions, and enabling the gNB to identify such reuse can facilitate PRACH combining and improve coverage performance.
Proposal 3: RAN1 to consider supporting a design where the UE is not required to use different Tx beams for every PRACH transmission, and where the gNB may be informed of which PRACH transmissions used the same Tx beam, enabling combining at the gNB for improved PRACH detection and coverage enhancement.
Observation 4: It is important to consider whether the UE has the capability to transmit using multiple Tx beams, and how many beams it can support.
Proposal 4: For multiple PRACH transmission with different beams, support to divide the multiple RACH occasions within a group into sub-groups, with each sub-group associated with a specific UE Tx beam.
· If the UE supports fewer UE Tx beams than the number of sub-groups, it may reuse the same Tx beam across multiple sub-groups.


	Vivo
	Observation 5: Assistant information format depends on the candidate numbers of TX beams that can be enabled by network.
Proposal 5: The number of TX beams or the number of repetitions per TX beam should be signalled by network on top the repetition number for Type-B PRACH repetition.

	Huawei, Hisilicon
	Observation 1: In order to improve the PRACH detection performance of the different Tx beams used for PRACH and reduce the measurement overhead at the gNB, restriction/configuration between the gNB and the UE is needed. 
Observation 2: Supporting transmission patterns where the UEs transmit PRACH over consecutive ROs with multiple Tx beams, improves PRACH detection performance.
Observation 3: Limiting the number of Tx beams used for PRACH transmissions helps to improve the detection performance at the gNB.
Proposal 4:  To improve the detection for multiple Tx beams at the gNB side while keeping a reasonable complexity and monitoring overhead, it is proposed to:
· introduce transmission patterns where the UEs is configured to transmit several PRACH transmissions over consecutive ROs,
· introduce transmission patterns differentiated by separate resources and determined by repetition number, and 
· limit the number of Tx beams used for PRACH transmissions via network configuration.
[bookmark: _Ref212646147]Observation 4: The implementation complexity of the beam measurement at the gNB is increased if all ROs corresponding to multiple PRACH transmissions with different Tx beams need to be measured, saved and compared to find the RO with the best PRACH detection performance during each RACH attempt. 
[bookmark: _Ref212646214]Proposal 7: Limit the maximum number of measured ROs candidates to reduce implementation complexity of beam measurement and the signaling overhead of beam indication.


	CATT
	Observation 1: At least following issues need to be discussed if supporting the identification of the same Tx beam in part of the PRACH transmissions at the gNB.
· Number of candidate Tx beam pattern.
· Pattern selection rule for UE.
· Identify mechanism for gNB.

	CTC
	Proposal 6: If RO sub-group is supported, the size of each RO sub-group should be 2. 
Observation 4: Different preambles should be used to differentiate the PRACH resources for multiple PRACH transmission with RO sub-group, which may cause the waste of preambles.

	Xiaomi
	Proposal 1： Don’t support the normative work on UL Tx beam pattern. 

	OPPO
	Observation 2: If the gNB can determine which PRACH transmissions employ the same Tx beam, the overall coverage performance will be improved compared with the scenario where it cannot.
Proposal 2: The coverage performance of PRACH transmission with different Tx beams should be considered. To enhance the coverage performance of PRACH, support the case that gNB can determine which PRACH transmissions employ the same Tx beam.
Proposal 7: The introduction of RO subgroup could reduce overhead for explicitly indication and significantly decrease the number of RA-RNTIs that need to be detected for implicitly indication.

	ZTE, Sanchips
	Observation 1: Enabling both PRACH repetition and PRACH sweeping is beneficial for UEs that do not fulfil beam correspondence and are in poor channel condition. 
Proposal 6: Combined operation of PRACH repetition and PRACH sweeping within an RO group should be supported
· The gNB can configure a feature combination with PRACH repetition and PRACH sweeping for enabling the combined operation mode.
· A PRACH repetition factor can be configured for determining the sub-group size for PRACH transmission using same Tx beam. 

	Interdigital
	[bookmark: _Hlk213150380]Proposal 2: Support PRACH configurations with different Tx beams comprising of a number of PRACH repetitions and a number of Tx beams.

	KT
	KT provides a very detailed solution on how to configure the RO sub-group, which is hard to be summarized in this limited table (FL is really sorry for that). Companies can check their contribution for further information (also the contribution in last meeting).
Proposal 1: Different preamble indices with predefined relationships should be used for different transmit beams, at least in Cases A, A1 and C.

	Lenovo
	Proposal 5: gNB can configure UE to use same Tx beams in part of the PRACH transmissions by indicating a Tx beam number.

	Qualcomm
	Proposal 1: For multiple PRACH transmissions, support allowing both same and different Tx beam transmissions within the same PRACH attempt with multiple PRACH transmissions.
Proposal 2: Within any RO group used to support Release 20 multiple PRACH transmission with beam sweeping, allow configuration of transmission modes that combine beam sweeping and repetition, i.e., allow repetitions using each beam.
Proposal 3: Different combinations of beam sweeping and beam repetition within an RO group are separated via preamble partitioning.
Proposal 4: The UE uses the same preamble across all ROs in an RO group during multiple PRACH transmissions regardless of the operating mode defined by the number of beams and number of repetitions per beam.

	NTT DOCOMO
	Proposal 3: It is not supported for gNB to configure UE to use same Tx beams in part of the PRACH transmissions.

	CEWiT
	Proposal 3: Do no support any enhancement for assisting the BS to combine multiple RO’s associated with the same Tx beam

	Denso
	Proposal 4:	For determining Tx beams for multiple PRACH transmissions with different Tx beams, it is up to UE implementation to determine which Tx beams to use. The introduction of any restrictions related to sub-RO groups is not supported.

	Ericsson
	[bookmark: _Toc213423366][bookmark: _Toc213253132][bookmark: _Toc213253133][bookmark: _Toc213253134]Observation 5: While introducing RO-sub-groups is well motivated, it reduces UE flexibility by enforcing network-defined configurations and may limit the number of Tx beams a UE can use. It also adds notable specification and signaling complexity, potentially extending the overall specification timeline.
[bookmark: _Toc213423388]Proposal 2: Conclude that the network shall assume different Tx beams are used across ROs within a RACH attempt for multiple PRACH transmissions with different Tx beams.


Round 1
FL Observations:
Some companies (Xiaomi, NTT DOCOMO, CEWiT, Denso) don’t want to support any configuration mechanism of configuring ROs using same Tx beams for multiple RPACH transmissions with different Tx beams, but the majority view is to support the feature if time is enough. And according to the contributions, it seems the reason why companies don’t support RO sub-group like mechanisms mainly due to the limited TU of this WI. Thus, FL want to first check whether there are any technique concerns on the supportive of mechanism such as RO sub-group. 
FL’s question 1-8a
Do you have any techniqual concerns to support the configuration of RO using same Tx beam in part of the multiple RPACH transmissions with different Tx beams? 
Companies are provided to your answers and comments in the following table. 
	Company
	Y/N
	Comments

	Spreadtrum
	
	We have concerns to support RO sub-group, especially for Tx beam patterns, such as there can {2, 2, 2, 2} or {4, 4} or {1, …, 1} for 8 times
1. It is hard to decide which Tx beam pattern is best to support/configure. Since a UE may have more or less UL beams to sweep, which gNB cannot know. 
[bookmark: OLE_LINK2]2. if multiple Tx beam patterns for a repetition number are supported, it needs more RACH segmentations to distinguish them. 

	vivo
	N
	This question actual should be “Do we need to restrict the number of TX beams to be the same as the number of repetition factors”?
It’s up to gNB to configure number of TX beams and number of repetitions independently.
Candidates values are {2,4,8} for both. And if number of TX beams N is less than the repetition factor K, at least each set of K/N consecutive PRACH repetitions, with the first set starting from first repetition, are expected to be transmitted with same TX beam.
There’s no need to define complex RO set patterns. Above wording is enough.


If we can support this mechanism, FL think we can discuss from the following 3 aspects to strive for a simple solution, as proposed by CATT.
The candidate Tx beam patterns
Basically, the RO sub-group patterns can be {2, 2} for the 4 times multiple RPACH transmissions with different Tx beams, and it could be {2, 2, 2, 2} or {4, 4} for 8 times multiple RPACH transmissions with different Tx beams. But companies may have different opinions on whether to support all these patterns
FL’s question 1-8b
If supporting configuring ROs using same Tx beam in part of the multiple RPACH transmissions with different Tx beams, the same number of ROs should use the same Tx beam in each RO sub-group, and the following number for ROs in one RO sub-group can be supported
· For 4 times multiple RPACH transmissions with different Tx beams, the number of ROs using the same Tx beam can be 2;
· For 8 times multiple RPACH transmissions with different Tx beams, the number of ROs using the same Tx beam can be 2 or 4. 
Companies are provided to your answers and comments in the following table. 
	Company
	Y/N
	Comments

	vivo
	
	Maybe try following wording:
Network configures N consecutive RO sets within K PRACH repetitions, wherein at least each set of K/N consecutive PRACH repetitions, with the first set starting from first repetition, are transmitted with same TX beam. Candidate values of N and K are {2,4,8}.


	
	
	



How to configure the pattern
Since the RO sub-group is for PRACH, it seems the only method to configure the patterns for UE is by the separate preambles, which will result in the waste of preambles. Thus, FL would like to ask companies if there are any other solution to configuration the pattern.
FL’s question 1-8c
Do you think configure the pattern of ROs using the same Tx beam in multiple RPACH transmissions with different Tx beams can only be achieved by separate preambles? If no, please provide other solutions. 
Companies are provided to your answers and solutions in the following table. 
	Company
	Y/N
	Other solutions if any

	vivo
	N
	It’s up to gNB to configure a limited number of PRACH resources (either with separate RO or separate preamble sets) for R20 PRACH repetition, there’s no need to configure all combinations for one serving cell.

	
	
	



The criteria UE select the pattern
The criteria for pattern determination can be more complicated, while there could be more mechanism to be reused after we have a conclusion on issue #1-6.
FL’s question 1-8d
What should be the criteria for UE to determine whether and which pattern can be used.?
Companies are provided to your comments in the following table. 
	Company
	Comments

	vivo
	Criterial is still based on RSRP as we discussed in separate proposal, and there’s no need to discuss it here again. 
RSRP thresholds are up to gNB to configure for each PRACH resource partitioning, which has nothing to do with what features or which number of TX beams are configured for the resource partitioning.

	
	



Since this mechanism is not necessity for this WI, FL will try to only make some general conclusions on this mechanism for further study if possible. But if the opinions are diverge, FL may not give any proposals or conclusions for further study. 
Issue#1-9: Power ramping issues
Companies’ views on Issue#1-9 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 7:	For power ramping for multiple PRACH transmissions with different Tx beams
•	Case1: Layer 1 notifies higher layers to suspend the corresponding power ramping counter when UE changes the spatial domain transmission filter of PRACH transmission in all of PRACH occasions
•	Case2: Layer 1 may notify higher layers to suspend the corresponding power ramping counter when UE changes the spatial domain transmission filter of PRACH transmission in any of PRACH occasions.

	LGE
	Observation 7: Power ramping is a necessary mechanism to improve PRACH detection performance, and should be supported for multiple PRACH transmissions with different Tx beams, similar to the same-beam case.
Proposal 10: RAN1 to support power ramping for multiple PRACH transmissions with different Tx beams. Handling power ramping for multiple PRACH transmissions with different Tx beams
· If the UE reuses the same transmit beam(s) as in the previous PRACH transmission, power ramping is applied.
· If the UE selects different transmit beam(s) compared to the previous transmission, power ramping is suspended.


	Vivo
	[bookmark: _Ref209729506]Observation 3: Events for power ramping counter suspension in case of Type-A PRACH repetition can be reused for Type-B PRACH repetition.
[bookmark: _Ref213263269]Observation 4: Events for power ramping counter suspension in case of Type-B PRACH repetition do not require any additional specification changes.

	Huawei, Hisilicon
	[bookmark: _Ref212646217]Proposal 10:  Support power ramping during attempts with different or same Tx beam sets. 
· Details of the power ramping mechanism are FFS.

	CATT
	Observation 2: No need to introduce multiple power ramping counters considering the transmission power of ROs in one RACH attempt is the same.
Proposal 7: Support power ramping between different RACH attempts for multiple PRACH transmissions with different Tx beams.
· Power ramping suspends if at least one spatial domain transmission filter changes compared with the last RACH attempt.


	CTC
	Proposal 5: If a new set of spatial domain transmission filters never used before are used by UE in the retransmission, Layer 1 should notify higher to suspend the power ramping counter.

	Samsung
	Observation 6: For the PRACH reattempt, a UE may keep, partially change, or totally change the UL Tx beams used in the previous PRACH transmission.
Observation 7: The legacy power ramping method for PRACH reattempt can cause ambiguity in UE behaviour regarding how to apply power ramping when UE partially changes the UL Tx beams.
Proposal 8: Consider the following power ramping options for PRACH reattempt with multiple UL Tx beams: 
· Option 1: single power ramping counter, and the power ramping counter suspends if all UL Tx beams are changed for the retransmission
· Option 2: single power ramping counter, and the power ramping counter suspends if any of the UL Tx beams is changed for the retransmission 
· Option 3: multiple power ramping counters, e.g., each beam corresponds to one power ramping counter, and the power ramping counter suspends if the corresponding UL Tx beam is changed for the retransmission


	ZTE, Sanchips
	Proposal 9: Power ramping mechanism should be supported for PRACH transmission between different RACH attempts under PRACH sweeping.
Observation 3: Based on the existing power ramping rule, power ramping will not be initiated because the UL Tx spatial filter always changes before a RACH reattempt.
Proposal 10: Regarding power ramping of PRACH sweeping, power ramping counter being suspended if at least M UL Tx beams is changed in one RACH reattempt. 
· FFS: the value of M. 

	Panasonic
	Proposal 6: Not support power ramping for PRACH transmissions with different Tx beams during a PRACH attempt.

	ETRI
	[bookmark: _Ref213335684]Proposal 8: A same ramping value is kept during a single RACH attempt.

	Ofinno
	Observation 4: The current specification does not define power ramping behavior for multi-beam PRACH transmissions, which may lead to inconsistent implementation across UEs.
Proposal 7: For multi-beam PRACH transmission, consider the following UE behaviour for power ramping:
· If prior to a PRACH retransmission, a UE changes all spatial domain transmission filters, Layer 1 notifies higher layers to suspend the power ramping counter.

	Lenovo
	Proposal 4: Power ramping should NOT be supported for multiple PRACH transmissions with different Tx beams.

	Sharp
	Proposal 5
•	A single power ramping counter is applied for multiple PRACH transmissions with different Tx beams.
o	FFS: detailed power ramping mechanism

	NTT DOCOMO
	Proposal 9: For multiple PRACH transmissions with different TX beams, if the TX beams for next RACH attempts were all used in last RACH attempt, Layer 1 doesn’t notify higher layer to suspend the power ramping counter. Otherwise, Layer 1 notifies higher layer to suspend the power ramping counter.

	ASUSTek
	Proposal 2: In case of case #1 and case #2, the UE increases power ramping counter.
· Case#1: part of the Tx beams used in retransmission is changed to the Tx beam used in last transmission
· Case#2: part of the Tx beams used in retransmission is changed to the Tx beam never used in last transmission

	Denso
	Proposal 5:	For power ramping for multiple PRACH transmissions with different Tx beams:
· Support power ramping
· Support to suspend the power ramping counter when all Tx beams are changed from those used in the last PRACH transmission

	Ericsson
	[bookmark: _Toc213423372]Observation 11: Power ramping can be extended to multiple PRACH transmissions using different Tx beams to maintain efficient UE power consumption, while the power ramping counter may be suspended when any spatial domain transmission filter (Tx beam) changes prior to retransmission. 
[bookmark: _Toc213423393]Proposal 7: Support power ramping for multiple PRACH transmissions using different Tx beams by modifying the legacy rule to suspend the power-ramping counter whenever any spatial-domain transmission filter (Tx beam) changes before a retransmission.


Round 1
FL Observations:
For the power ramping issue, FL think companies have the same common understanding.
For the companies who not support power ramping, after reviewing your contributions carefully, FL think your understanding is the same with others: not to support power ramping in one RACH attempt. The power ramping here refers to the ramping between different RACH attempt, instead of in one RACH attempt. And the following agreement is already reached in last meeting
	Agreement @122bis
Reuse the PRACH power control (power ramping between different RACH attempts is FFS) rule of multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.
· FFS: whether/how power ramping should be supported for multiple PRACH transmissions with different Tx beams.



For the power ramping between RACH attempts, the opinions of companies can be categorized into 3 options.
· Option 1: Suspend the power ramping counter as long as one new Tx beams is used in the new attempt.
· Option 2: Suspend the power ramping counter when all the Tx beams used in the new attempt are changed.
· Option 3: multiple power ramping counter are used for each Tx beam.
The only different behaviour of power ramping counter is as illustrated in the following case:


In the second RACH attempt, only the Tx beams for transmitting RO#0 is changed to a new Tx beam (Tx beam #4). For Option 1, the power ramping counter should be suspended, while for Option 2, it won’t. 
Besides, vivo thinks that the current spec is already clear enough, if FL’s understanding is correct, which means that option 1 should be the principle of power ramping in multiple RPACH transmissions with different Tx beams. But considering most companies think the current spec is not clear enough, FL think the clarification is still needed.  
According to the above observation, the following proposal is given by FL. 
FL’s Proposal 1-9:
For the power ramping between different RACH attempt for multiple PRACH transmission with different Tx beams, down-select one of the following options:
· Option 1: when any of the Tx beams used in the next attempt is changed, Layer 1 notifies higher layer to suspend the power ramping counter.
· Option 2: when all the Tx beams used in the next attempt are changed, Layer 1 notifies higher layer to suspend the power ramping counter
· Option 3: multiple power ramping counters are used for each PRACH transmission in the RO group.

Companies are welcomed to provide your comments on FL’s Proposal 1-9 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	We support Option 1, and also fine with no change to the spec.  

	Ofinno
	Y
	Support Option 2. Option 1 leads to unnecessary and often suspension that just increases the RACH latency. 

	vivo
	
	It’s enough to simply make a conclusion for Option 1 without any spec. change. 
No need to have it as a proposal.




Issue#1-10: Other issues
Companies’ views on Issue#1-10 can be found as follows.
	Company
	Opinions

	Huawei, Hisilicon
	[bookmark: _Ref208946074]Proposal 11: Fallback scheme to be supported for multiple PRACH transmissions with different Tx beams.
· The multiple PRACH transmissions with different Tx beams fallbacks to the mechanism of using multiple PRACH transmissions with a single Tx beam when the number of failed attempts exceeds a threshold.

	Xiaomi
	Proposal 8: Whether to increase the number of multiple PRACH transmissions after reaching a certain number of RACH attempts is left to RAN2 discussion.

	ZTE, Sanchips
	Proposal 11: RAN1 should consider the mechanism or rule of mode selection/switching among PRACH repetition and/or PRACH sweeping.

	Nokia
	Proposal 5. PRACH repetitions with same Tx beam is the baseline solution. PRACH repetitions with different Tx beams can be configured only alongside the baseline solution.

	Interdigital
	Observation 4: The network may need to schedule Msg3 repetitions subsequent to Msg1 beam sweep despite good DL RSRP.
Proposal 7: Support network indication of Msg3 repetitions. Msg3 repetition indication can be with respect to the Msg1 repetitions or Msg1 repetitions per Tx beams.

	Lenovo
	Proposal 7: To enhance Msg3 coverage, Msg1 repetition with different beams can be configured for determining the Tx beam for Msg3 transmission, even the Msg1 coverage is not an issue. 


FL Observations:
In this section, the issues not mentioned by too much companies are summarized, which can be categorized into 3 issues:
1. Fall back issues in retransmission (4 companies mentioned)
2. Relationship between Msg1 repetition and Msg3 repetition (2 companies mentoned)
Companies are welcomed to provide your comments on Fallback of multiple PRACH transmissions with different Tx beams from any perspective in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Comments

	
	

	
	



Companies are welcomed to provide your comments on Relation of Msg1 Repetition and Msg3 Repetition from any perspective in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Comments

	
	

	
	



Companies are also welcomed to provide your views on Any Other Issues in the following table.
	Company
	Comments

	
	

	
	



5. Discussion Points on PUSCH Repetition Scheduled by DCI 0_0 with C-RNTI
In this section, FL summarized the key items for making progress on the PUSCH repetition scheduled by DCI 0_0 with C-RNTI based on companies’ contributions.
Issue#2-1: Clarification on the scenarios of PUSCH scheduled by DCI format 0_0 with C-RNTI 
Companies’ views on Issue#2-1 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	Proposal 8: PUSCH scheduled by DCI format 0_0 with C-RNTI after receiving RRCReconfiguration can be supported,
· With same indication mechanism of repetition number 
· Based on UE capability report (UE feature)

	Huawei, Hisilicon
	[bookmark: _Ref212646224]Proposal 13: Prioritize specifying the mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration.
Observation 6: At least for PUSCH repetition request, a single mechanism for before RRCReconfiguration and after RRCReconfiguration cannot be achieved.
[bookmark: _Ref212646150]Observation 7: It might not be possible to have a single mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI before and after RRCReconfiguration without introducing unnecessary signalling.

	CATT
	Proposal 9: PUSCH repetition can be applied to all PUSCHs scheduled by DCI 0_0 with C-RNTI.

	CTC
	Proposal 7: Not to support PUSCH repetition scheduled by DCI 0_0 with C-RNTI after UE receiving the RRCReconfiguration. 

	xiaomi
	[bookmark: _Hlk210405821]Proposal 12: Clarify whether the scope of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI is only limited to Msg5 and post-Msg5 transmissions before the UE capability reporting and RRCReconfiguration, or it also includes PUSCH transmissions after RRCReconfiguration.

	OPPO
	Proposal 11: Indication of Msg5 PUSCH repetition is only applied for Msg 5 scheduling.

	Transsions Holding
	Proposal 5: It is recommended that, if a unified mechanism can be found to support PUSCH repetition both before and after RRCReconfiguration, PUSCH repetition scheduled by DCI format 0_0 with C-RNTI may also be supported after RRCReconfiguration.

	ZTE, Sanchips
	Proposal 12: PUSCH repetition scheduled by DCI 0_0 with C-RNTI in Rel-20 should support both following scenarios:
· Scenario 1: PUSCH scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration.
· Scenario 2: PUSCH scheduled by DCI 0_0 with C-RNTI after receiving RRCReconfiguration.

	Panasonic
	Proposal 9: Support to apply a single mechanism to a generic case, where PUSCH repetition is scheduled by DCI format 0-0 with C-RNTI before and after RRCReconfiguration.

	Samsung
	Observation 8: If a UE still fails PRACH with UL Tx beam sweep when UE has reached its maximum transmission power, it may suggest that the coverage bottleneck is no longer related to spatial domain beam directions. 
Proposal 9: RAN1 considers the fallback mechanism when UE can switch to legacy multiple PRACH transmission with preamble repetitions using singe UL Tx beam.
Observation 10: After the first RRCReconfiguration message, there are still cases that UE cannot use PUSCH repetition.
A.	Any of the following is not configured before and during the first RRCReconfiguration message (repetition cannot be used for DCI Format 0_1)
i.	pusch-AggregationFactor 
ii.	USS configured with formats0-1-And-1-1
B.	PUSCH is scheduled by DCI Format 0_0 (e.g., during RRC update)
Observation 11: Repetition enhancement on PUSCH scheduled by DCI 0_0 with C-RNTI after RRCReconfiguration provides benefits. 
Proposal 10: The repetition enhancement should apply to PUSCH scheduled by DCI 0_0 with C-RNTI transmitted before and after RRCReconfiguration.

	ETRI
	[bookmark: _Ref210290731][bookmark: _Ref213335700]Proposal 9: PUSCH repetition feature can be an independent feature of other repetition-related features.
Proposal 10: At least the case where DCI format 0_0 with a C-RNTI in CSS set are supported.

	Ofinno
	Proposal 8: Support a single mechanism for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI, covering both initial Msg5 transmission and any subsequent UL transmission using the same scheduling information format.

	Sharp
	Proposal 6
· PUSCH repetition scheduled by DCI 0_0 with C-RNTI is supported for both before and after receiving RRCReconfiguration.

	NTT DOCOMO
	Proposal 10: Support PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, irrespective of scenarios, i.e., 
· Support both TN and NTN
· Support both before and after reception of RRCReconfiguration

	ASUSTek
	Proposal 4: RAN1 study following aspect for PUSCH repetition scheduled by DCI 0_0 with C-RNTI:
· In which condition, the UE is allowed to apply “PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.

	Denso
	Proposal 6:	Support PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI both before and after receiving RRCReconfiguration.


Round 1
FL Observations:
The following agreement was reached in last meeting. 
	Agreement @122
· Strive for a single mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.


PUSCH scheduled by DCI format 0_0 with C-RNTI can happen before and after UE receiving RRCReconfiguration, and companies have different understanding on the target scenario in the WID in last meeting. In this meeting, companies further provided their understanding on the supportive scenarios.
Most companies (Spreadtrum, UNISOC, CATT, Transsions Holding, ZTE, Sanchips, Pansonic, Sumsung, Ofinno, Sharp, NTT DOCOMO, Denso) agreed that the PUSCH repetition scheduled by DCI format 0_0 with C-RNTI should be supported for both before and after receiving RRCReconfiguration. While other companies (Huawei, Hisilicon, CTC, OPPO) think that only PUSCH scheduled by DCI format 0_0 with C-RNTI before and UE receiving RRCReconfiguration, as known as Msg5, should be supported or prioritized.
From FL’s perspective, since supporting both scenarios is more aligned with the objective in WID, even though the motivation is for Msg5 as per justification, and the majority is to support both scenarios, FL propose to supporting both scenarios. 
FL’s Proposal 2-1:
Support PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI both before and after receiving RRCReconfiguration.
Companies are welcomed to provide your comments on FL’s Proposal 2-1 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Ofinno
	Y
	

	vivo
	Y
	




Issue#2-2: Request of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI
Companies’ views on Issue#2-2 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC, 
	Proposal 9:MSG3 is used for capability/request report of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI..

	Huawei, Hisilicon
	[bookmark: _Ref212646228]Proposal 17: Support request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via Msg3.
· An RSRP of DL reference signal is configured via RRC for the UEs to trigger the request.
· The request for Msg5 repetition is taken to imply support of the capability, which is not separately indicated.

	vivo
	[bookmark: _Ref209729571]Proposal 10: LCID of Msg3 UL-SCH can be used for requesting repetition of PUSCH scheduled by fallback DCI with C-RNTI for UEs with the measured RSRP of DL pathloss reference less than an RSRP threshold separately defined.

	CATT
	Proposal 9: PUSCH repetition can be applied to all PUSCHs scheduled by DCI 0_0 with C-RNTI.
Proposal 11: Support to configure a RSRP of DL reference signal for UE to trigger the request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI.

	CTC
	Proposal 8: Support to introduce a new specific value of eLCID in the MAC header of Msg3 to request the Msg5 repetition.
Observation 5: If PUSCH scheduled by DCI 0_0 with C-RNTI after UE receiving the RRCReconfiguration is supported, the corresponding UE capability report can be achieved via UECapabilityInformation.


	xiaomi
	Proposal 13: For Msg5 and post-Msg5 PUSCH repetitions during initial access, reuse the PUCCH repetition request / early UE capability reporting mechanism defined in Rel-18 NR-NTN for Msg4 HARQ-ACK.
· A separate RSRP threshold can be optionally configured by the gNB 

	OPPO
	Proposal 8: UE can report support of PUSCH repetition scheduled by DCI 0_0 with C-RNTI in Msg3.
· No support for RSRP measurement of DL reference signal for UE to trigger the request.

	WiSig, IITH
	Proposal 6: It is recommended that option 1 (Msg3) can be used to indicate the request or capability report for Msg5 PUSCH repetition.

	Samsung
	Observation 17: The PUSCH repetition mechanism and Msg4 HARQ-ACK repetition mechanism are similar – UE reports capability, and gNB to decide the number of repetition. 
Proposal 14: Do not support UE requests repetition for PUSCH scheduled by DCI 0_0 with C-RNTI.
Proposal 15: The capability report should not be related to any RSRP threshold.
Proposal 16: UE reports the repetition capability on HARQ-ACK of Msg4.

	ZTE, Sanchips
	Proposal 13: Configure a RSRP of DL reference signal for UE to trigger the request for PUSCH repetition scheduled by DCI 0_0 with C-RNTI can be considered,
· For Scenario 1, FFS the relationship between the configured RSRP and the existing RSRP-Threshold for Msg3 repetition.
· For Scenario 2, FFS the relationship between the configured RSRP and the RSRP used in Scenario 1.
Proposal 14: Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration via one of the following signaling.
· Option 1: Msg3
· Option 1-1: Using reserved LCID codepoints in Msg3 PUSCH;
· Option 1-2: Using reserved bit(R bit) in the MAC subheader;
· Option 2: HARQ-ACK of Msg4 
· Option 3: via Msg3 repetition
· Option 3-1: via request of Msg3 repetition;
· Option 3-2: via scheduling of Msg3 repetition.


	Panasonic
	Proposal 10: Support that a UE sends a request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via Msg3 PUSCH

	ETRI
	[bookmark: _Ref213335707]Proposal 11: Introduce an RSRP threshold to trigger the Msg5 repetition.
[bookmark: _Ref213335710]Proposal 12: Consider Msg3 based early indication for Msg5 repetition capability. 

	Interdigital
	[bookmark: _Hlk213150609]Proposal 8: Support request or capability report for Msg5 repetition through one of the following signalling:
· Option 1: Msg3
· Option 2: HARQ-ACK of Msg4 
· Option 3: Msg1 resource selection jointly for Msg3/Msg5 repetition 

	Ofinno
	Proposal 11: To request Msg5 PUSCH repetition, consider Option 2.

	Apple
	Proposal 5: For PUSCH repetition before the RRC reconfiguation, UE sends the repetition request and the capability report via the higher layer singalling in Msg3 PUSCH. 

	Lenovo
	Proposal 8: Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via Msg3.

	Sharp
	Proposal 8
· An RSRP threshold can be configured for PUSCH repetition scheduled by DCI format 0_0 before receiving RRCReconfiguration.
· When the RSRP threshold is configured, a capable UE reports its capability on the support of PUSCH repetition scheduled by DCI format 0_0 via Msg3 transmission if the measured RSRP is lower than the configured RSRP threshold.
· When the RSRP threshold is not configured, a capable UE reports its capability on the support of PUSCH repetition scheduled by DCI format 0_0 via Msg3 transmission.
· The configured RSRP threshold can be different from those used for Msg3 repetition or for PUCCH repetition carrying Msg4 HARQ-ACK feedback.

	Qualcomm
	Proposal 13: Support early capability indication of repetition of PUSCH scheduled with DCI format 0_0 and scrambled with C-RNTI in MSG3.
Proposal 14: In addition to early capability indication of repetition of PUSCH scheduled with DCI format 0_0 and scrambled with C-RNTI, support dedicated capability indication as well.

	NTT DOCOMO
	Proposal 11: Regarding PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, 
· For the indication of the number of repetitions, prefer to down-select one of option 1, option 2 and option 3
For request or capability report, support option 1 (Msg3)

	ITRI, Acer
	Proposal 3: 
· Support request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via Msg3.
· Support to configure a RSRP of DL reference signal for UE to trigger the request.

	Denso
	Proposal 7: Support requesting PUSCH repetition scheduled by DCI format 0_0 with C-RNTI via Msg3 (Option 1).

	Ericsson
	[bookmark: _Toc127545055][bookmark: _Toc213423374]Observation 13: For the MAC subheader of Msg3 PUSCH, when the reserved bit LX = 1, 44 reserved LCID values are available that can potentially be used for Msg5 PUSCH repetition related signaling. The configuration details can be determined by RAN2.
[bookmark: _Toc213423376]Observation 15: Using Msg4 HARQ-ACK to request or report the capability for Msg5 PUSCH repetition would require UE blind decoding for PUCCH phase offset detection, which can be avoided by using Msg3 PUSCH for this purpose instead.
[bookmark: _Toc213423377]Observation 16: A dedicated RSRP threshold is not strictly required to trigger Msg5 PUSCH repetition request or capability report, as prior UL transmissions (Msg1, Msg3, and Msg4 HARQ-ACK) can be used to assess UL coverage. Furthermore, if the PUSCH repetition feature is supported after RRCReconfiguration, a unified approach can be adopted where the UE capability indication can be used both before and after RRCReconfiguration, eliminating the need for additional capability reporting.
[bookmark: _Toc213423378]Observation 17: Since a configured RSRP threshold is not required, the UE can report its capability by default for PUSCH repetition, if supported, prior to RRCReconfiguration.
[bookmark: _Toc213423395]Proposal 9: Support request or capability report for Msg5 PUSCH repetition before RRCReconfiguration using Msg3 PUSCH.
[bookmark: _Toc213423396]Proposal 10: Support UE capable of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before RRCReconfiguration shall report the capability without need of configuring RSRP threshold for DL reference signal.


Round 1
FL Observations:
The following agreement was reached in last meeting.  
	Agreement @122bis
Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via one of the following signalling.
· Option 1: Msg3
· Option 2: HARQ-ACK of Msg4 
· FFS: whether to configure a RSRP of DL reference signal for UE to trigger the [request or capability report].
· FFS: other options and details.


There are two issues to be further discussed, the first one is down-selection between the options. The companies supporting each option are listed as follows:
· Option 1:
· By LCID: vivo, CATT, Xiaomi, ZTE, Apple, Ericsson, 
· By eLCID: China Telecom
· By Reserved Bit: ZTE
· No specific preference on the details, but support Option 1: Huawei, OPPO, Transsion Holding., ETRI, Interdigital, Lenovo, Sharp, Qualcomm, DOCOMO, ITRI, Acer, Denso, Ericsson, WiSig, IITH
· Option 2: Samsung, Ofinno, ZTE, Interdigital.
Besides, companies have concerns on supporting option 2 that introduce extra bit in the HARQ-ACK may cause the performance degradation of Msg4. 
Based on the observation, Option 1 is obviously the majority view (only Samsung and Ofinno only support Option 2), and indicated by LCID can be a more general solution accepted by companies. FL would like to try whether the following proposal is acceptable.
FL’s Proposal 2-2a:
[bookmark: OLE_LINK3]Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration via LCID in Msg3.

Companies are welcomed to provide your comments on FL’s Proposal 2-2a in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	
	Support

	Ofinno
	Y
	

	vivo
	
	Prefer to discuss 2a and 2b together. And there’s no need to have 2 report/request of PUSCH repetition. Note that the repetition indication is still up to gNB even if PUSCH repetition is requested.



For the PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration, it is common understanding that request also means capability report. However, for the PUSCH repetition scheduled by DCI 0_0 with C-RNTI after receiving RRCReconfiguration, request doesn’t mean capability report. UE can either always expect gNB indicate the PUSCH repetition scheduled by DCI 0_0 with C-RNTI, or further request gNB to send the indication or not. In such case, request is another procedure.
According to the above observation, the following proposal is given by FL.
FL’s Proposal 2-2b:
[bookmark: OLE_LINK4][bookmark: OLE_LINK6]For the capability report of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration
· The capability report equals to the request of repetition before receiving RRCReconfiguration
· A separate capability report and request of repetition is not precluded to be introduced after receiving RRC reconfiguration

Companies are welcomed to provide your comments on FL’s Proposal 2-2b in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	N
	We are fine with main bullet and first sub-bullet which should be a note.
But for the second sub-bullet, we are not clear, anyway there would be one UE feature for PUSCH repetition scheduled by DCI 0_0 with C-RNTI in UE capability report. It can be used for PUSCH after RRCReconfiguration, request though MSG3 does not need.

	Ofinno
	N
	Second bullet is not needed.


	vivo
	
	See comments to 2a.



And many companies (Huawei, Hisilicon, vivo, CATT, xiaomi, ZTE, Sanchips, ETRI, Sharp, ITRI, Acer) think the RSRP threshold is needed, while other companies (OPPO, Samsung, Ericsson(before receiving RRCReconfiguration)) don’t think it is needed think there are already many UL transmissions before Msg5, which can be enough for UE to make determination. 
From FL’s perspective, since the majority view is to introduce a RSRP threshold, FL would like to test the temperature of the following proposal.

FL’s Proposal 2-2c:
Support to configure a RSRP of DL reference signal for UE to trigger the capability report of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI. 

Companies are welcomed to provide your comments on FL’s Proposal 2-2cin the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	Ofinno
	Y
	

	vivo
	Y
	



Issue#2-3: Indication of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI
Companies’ views on Issue#2-3 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	Proposal 10: A small set of repetition numbers for PUSCH is configured, and one value is indicated by a new field in padding bits of DCI format 0_0 dynamically.

	Huawei, Hisilicon
	Proposal 15: Support using the 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate the number of repetitions.
[bookmark: _Ref212646227]Proposal 16: The 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI indicate the additional number of repetitions for Msg5 with respect to the number of repetitions of Msg3 if enabled, e.g., via RRC configuration.
· The set of additional repetition values for Msg5 are configured via RRC parameter.

	Vivo
	Proposal 11: Study option 2 and option 5 to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI.

	CATT
	Proposal 12: PUSCH repetition number can be indicated by 2 MSB of MCS field in DCI 0_0 with C-RNTI.
· Further study the candidate value of the PUSCH repetition.

	CTC
	Observation 6: The similar mechanism for indication of Msg3 repetition times can be reused for that of Msg5 repetition if Msg5 repetition times is indicated by DCI format 0_0 with CRC scrambled by C-RNTI.
Observation 7: Compared with Msg3, Msg5 has a lower demand for MCS configuration flexibility.
Observation 8: Option 2 may be more flexible on whether to adopt the repetition if PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI after receiving RRCReconfiguration is supported, but needs more effort to design the new TDRA table. 
Observation 9: A RRC IE similar to mcs-Msg3-Repetitions-r17 can be introduced if using 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate the repetition times of PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI after receiving RRCReconfiguration is supported.
Proposal 10: Support using 2 MSB of MCS information field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate Msg5 repetition times from a set of four configured repetition values or from {1, 2, 3, 4} if not configured.

	Xiaomi
	Proposal 14: For PUSCH transmission scheduled by DCI format 0_0 with C-RNTI during initial access, reuse the same design as for Msg3 repetition in Rel-17 CE for the following aspects:
· Indication of number of repetitions
· Candidate values
· Frequency hopping

	OPPO
	Proposal 9: The following options can be considered for indication of the Msg 5 PUSCH repetition. Down select to one scheme after determination of the applicability of repetition is limited in Msg5 or not.
· Option 1: The TDRA field in DCI format 1_0 and the TDRA entries configured with repetition number.
· Option 2: The MSB bits of MCS field in DCI format 0_0.
· Option3: Other fields or other signaling before Msg5.

	Samsung
	Observation 12: Option 1 is a feasible mechanism without any additional design to support the PUSCH repetition.
Observation 13: Option 2 is a feasible mechanism to support the PUSCH repetition, but additional TDRA table are to be designed.
Observation 14: Option 3 is not feasible to support the PUSCH repetition, due to no guarantee of the existing of padding bits.
Observation 15: Option 4 will lead to less maximum number of HARQ processes, and thus affecting the throughput.
Observation 16: Option 5 will lead to inflexible indication of number of repetition due to the infrequent appearance of Msg4.
Proposal 11: UE uses MCS field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate the number of repetitions.
Proposal 17: Support gNB to indicate UE the activation/deactivation of PUSCH repetition through 1 bit of MCS field of DCI format 0_0 with CRC scrambled by C-RNTI.

	Transsions Holding
	Proposal 6: It is recommended that option 1 (Msg3) can be used to indicate the request or capability report for Msg5 PUSCH repetition.

	ZTE, Sanchips
	Proposal 15: Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI;
· Option 2: Based on TDRA.
Proposal 16: The following mechanisms can be considered for repetition factor indication of PUSCH repetition scheduled by DCI 0_0 with C-RNTI, 
· A set with 4 candidate repetition factors can be configured via SIB1, 
· FFS: Shared with or separate from candidate repetition factors configured for Msg3 repetition; 
· Default set with repetition factors {1~4} applies if the configuration is absent.
· 2 MSBs of the MCS information field in DCI 0_0 with C-RNTI are used for indicating one repetition factor from the configured/default set.
Proposal 17: The following mechanisms can be considered for MCS indication of PUSCH repetition scheduled by DCI 0_0 with C-RNTI, 
· A set with 8 candidate MCS indexes can be configured via SIB1, 
· FFS: Shared with or separate from candidate MCS indexes configured for Msg3 repetition;
· Default set with MCS indexes {0~7} applies if the configuration is absent.
· 3 LSBs of the MCS information field in DCI 0_0 with C-RNTI are used for indicating one MCS index from the configured/default set.

	Panasonic
	Proposal 11: Support that gNB can indicate a repetition number of Msg5 PUSCH to the UE by using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI.

	ETRI
	[bookmark: _Ref210290717]Proposal 13: MCS field in the scheduling DCI format may indicate both repetition number and MCS index.
[bookmark: _Ref210290721]Proposal 14: Retransmitting PUSCH can be indicated a repetition number.
[bookmark: _Ref210290728]Proposal 15: Msg5 PUSCH can follow the beam that is indicated during the initial access procedure.

	Interdigital
	[bookmark: _Hlk213150636]Proposal 9: Support UE specific Msg5 repetition indication through one of the following signalling methods:
· Re-purpose MCS field in DCI scheduling Msg5 
· Use Msg3 repetition indication (e.g., apply the same number of repetitions for Msg5 as indicated for Msg3) 

	Ofinno
	Proposal 9: To enable Msg5 PUSCH repetition scheduled by DCI 0_0 with C-RNTI, consider Option 1, Option 2, and Option 3.
Proposal 10: Consider the treatment of Msg5 repetition as non-HARQ repetition of the same TB, keeping HARQ process state unchanged.

	Apple
	Proposal 6: For PUSCH repetition after the RRC reconfiguation, the repetition is enabled by repetition factor confiugration. 
Proposal 7: Re-interpret the 2MBS bits of MCS information field in DCI format 0_0 to indicate the repetition number. 3LSB bits indicate the MCS from the configured candidate MCS indexes.

	KT
	Proposal 8: For Msg5 PUSCH repetition, a set of repetition factors (e.g., numberOfMsg5-RepetitionsList-r20) can be configured via SIB1, and one repetition factor can be indicated via DCI.
Proposal 9: For Msg5 PUSCH repetition indication, using the 2 MSB of HPN field in DCI format 0_0 with CRC scrambled by C-RNTI (Option 4).
Proposal 10: If the repetition factor set for Msg5 PUSCH is not explicitly configured to a UE, a default determination method can be supported:
· Repetition factor set of Msg3 PUSCH can be used if the UE has repetition capabilities on both Msg3 PUSCH and Msg5 PUSCH.
· Default repetition factor set can be used, such as {1, 2, 3, 4} or {1, 2, 4, 8}.

	Lenovo
	Proposal 9: To indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI, Option 1 should be used.
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
Proposal 10: Msg4 could be used to indicate the candidate repetition numbers for repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI.

	Sharp
	Proposal 9
· Option 1, i.e., using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI, is supported to indicate the number of repetitions for PUSCH transmission. 
· Up to 4 repetition levels can be configured by higher layers. 
· Candidate value of 32 repetitions is supported for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI. 

	Qualcomm
	Observation 3: In the current specifications, two issues limit the use of the TDRA field to enable repetitions for a PUSCH scheduled by DCI format 0_0 scrambled with C-RNTI: 
· First, two out of three TDRA tables do not support a configuration for repetition parameter
· Second, the clause in TS 38.214 does not allow repetition even when the UE is configured with a dedicated TDRA table with a repetition factor.
Proposal 10: Support option 2 for the indication of repetition of PUSCH scheduled with DCI format 0_0 scrambled with C-RNTI (based on TDRA).
Proposal 11: For UEs that are not in RRC connected states or in RRC connected state but not configured with a dedicated TDRA table, support repetition indication of PUSCH scheduled by DCI format 0_0 and scrambled with C-RNTI via a common configuration TDRA table (indicated in system information) that includes a repetition factor.
· FFS: whether to include an extra repetition factor in the existing TDRA table of common configuration or support a new TDRA table in a common configuration with a repetition factor.

	NTT DOCOMO
	Proposal 11: Regarding PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, 
· For the indication of the number of repetitions, prefer to down-select one of option 1, option 2 and option 3
· For request or capability report, support option 1 (Msg3)

	ITRI, Acer
	Proposal 4: 
· Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate the number of repetitions of PUSCH.

	Denso
	Proposal 8:	The number of repetitions of PUSCH scheduled by DCI format 0_0 with C-RNTI can be indicated based on TDRA (Option 2).

	Ericsson
	[bookmark: _Toc213423379]Observation 18: Reusing the MCS field for Msg5 PUSCH repetition before RRCReconfiguration minimizes specification effort by leveraging the existing Msg3 mechanism. However, it constrains the set of configurable MCS indices, acceptable for small Msg5 payloads but potentially inadequate if repetition is extended after RRCReconfiguration, where possibly larger payloads may require higher MCS values to fit within allocated resources.
[bookmark: _Toc213423380]Observation 19: When supporting PUSCH repetition both before and after RRCReconfiguration, using the TDRA field ensures a consistent specification across DCI 0_0/0_1/0_2/0_3. The fixed 4-bit TDRA in DCI 0_0 limits time-domain scheduling flexibility, however, the network can disable repetition (e.g., by semi-statistically restoring a Rel-15 TDRA table via RRCReconfiguration) to regain full scheduling freedom, while avoiding repurposing DCI fields and keeping procedures aligned with DCI 0_1/0_2/0_3.
[bookmark: _Toc213423381]Observation 20: The other options for indicating the number of repetitions lack sufficient technical justification to depart from the existing procedure for Msg3 PUSCH repetition and Type A PUSCH repetition in the RRC connected state. Moreover, these alternatives either increase DCI overhead, reduce resource efficiency, or prevent a unified repetition mechanism.
[bookmark: _Toc213423397]Proposal 11: Support indicating the number of repetitions using the MCS field when repetition can be scheduled by DCI 0_0 with C-RNTI only before RRCReconfiguration, or via a TRDA table when repetition is also extended to after RRCReconfiguration. 


Round 1
FL Observations:
The following option were given in last meeting on the indication method of repetition times. 
	Agreement @122bis
Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
· Option 2: Based on TDRA
· Option 3: Using the padding bits in DCI format 0_0 with CRC scrambled by C-RNTI 
· Option 4: Using the 2 MSB of HPN field in DCI format 0_0 with CRC scrambled by C-RNTI
· Option 5: Using the DAI field in the DCI 1_0 with CRC scrambled by TC-RNTI
· Other options are not precluded
· 


The pros & cons, concerns of all the options are summarized as below.
	Options
	Pros(According to contributions, companies can provide more)
	Cons(According to contributions, companies can provide more)
Note: doesn't mean this opiton is not feasible, but means this option is not good
	Support companies (Accordign to the contributions, companies can have a check and modification)

	1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
	1. reuse the same indication method as MSG3 repetition, avoid extra specification efforts
	1.MSG5 has larger payload, significant difference from MSG3
2. Restricted MCS indexes, lower spectrum efficiency. 
3. need extra signalling for scenairo #2
	Huawei, CATT, CTC, OPPO， Samsung, ETRI, Panasonic, ZTE, Nokia, IDG, Ofinno, Lenovo, Sharp, DOCOMO, ITRI, Acer, Ericsson(Scenario #1 only)

	2: Based on TDRA
	1. no impacts on DCI indication
2. more flexible to be supported for both scenarios
	1. Requires design on new TDRA table
2.MSG3 and MSG5 use separate TDRA table, making TDRA table rules more complex
	vivo, OPPO, Ofinno, Qualcomm, DOCOMO, Denso, Ericsson(for both scenario)

	3: Using the padding bits in DCI format 0_0 with CRC scrambled by C-RNTI
	1.No impacts on DCI size, just a new field using padding bits
	
	Spreadtrum, Ofinno, DOCOMO

	4: Using the 2 MSB of HPN field in DCI format 0_0 with CRC scrambled by C-RNTI
	
	#1. Less HARQ processes supported
#2. Not support scenario#2.
#3. existing field HPN which is already used by Msg5 and subsequent PUSCH transmission
	KT

	5: Using the DAI field in the DCI 1_0 with CRC scrambled by TC-RNTI
	
	#1. can't be supported for  scenario#2.
#2. not flexible since DAI field should also indicate the repetition of PUCCH
#3: the number of repetitions indicated by this option may be outdated
	vivo


For option 3, many companies proposed that it is not feasible since the padding bits not always exist. Thus, FL would like companies to provide your answers on whether Option3 is feasible. 
FL’s question 2-4a
Do you think Option 3 is not feasible due to the following reason: padding bits not always exist in DCI format 0_0? 
Companies are provided to your answers in the following table. 
	Company
	Feasible or not
	Reply to the concern

	Spreadtrum
	Feasible
	We support Option 3 since it has no impact on legacy DCI fields and DCI size. UL grant is typically with less bits of DL grant, there is some padding bits. So we can directly use one or two bits of padding bits to indicate the repetition number. The following table compares DCI format 1_0 and DCI format 0_0, assuming they have the same bit length of frequency domain resource assignment (FDRA). We think the typical case is initial UL BWP is with less or equal size of initial DL BWP. The Grey rows are same/similar fields both in DCI format 1_0 and 0_0, with same size. The green rows are DL specific fields which is up to 8 bits. The orange rows are UL specific fields, only including up to 1 bit of UL/SUL and padding bits. So there are at least 7 bits of padding bits if same size of FDRA fields for DL and UL.
[image: ]
The following we gives some calculation of padding bits in DCI 0_0, for the concerns of UL BWP may larger than DL BWP:
Considering the size of UL/DL BWP is from 24 to 273, two or more bits of padding bits field in DCI format 0_0 is 97%. If 2 bits are needed to indicate the uplink beam, there is only 3% that the bit length of padding bits is 1 or 0. Furthermore, 1bit/0 padding bit only exits when UL BWP with really large PRB number and DL BWP with extremely low PRB number which rarely happen. For example, when PRB number in DL BWP is 24, there are always more than 2 bit if PRB number in UL BWP is less than 180, and there is 1 bit of padding if UL PRB is within [180, 250], and no padding if PRB within [250, 273]. If PRB number in DL BWP is more than 50, there is always enough padding bits in DCI format 0_0, e.g. 2bit. 
For the worse 3% case, no padding or 1bit padding, RRC can configure 2 candidates or 1 repetition number for PUSCH repetition. It can also work. 

	Ofinno
	Feasible
	It requires minimal DCI redefinition and supports transparent decoding for legacy UE.

	vivo
	N
	The padding itself is not fixed, therefore it can not be assumed always there or with the same target bits.


Then for option 4 and 5, it can be seen that only KT and vivo supports the option correspondingly, and multiple disadvantages are listed for each option, so FL feels sorry that these two options will be precluded since we finally need to make progress based on consensus. Also, if Option 3 is not feasible, it will also be precluded. 
For Option 1, some companies think apply it for PUSCH scheduled by DCI format 0_0 after receiving RRCReconfiguration will have restriction on the MCS configuration since the payload can be much higher. Reply to this, companies (CTC, ZTE, Sanchips, Panasonic, Apple) think that the mechanism for Msg3 repetition can be reused, where 8 MCS values can be configured in SIB1, and each MCS index will be associated with one value. 
For Option 2, the biggest concern is designing the new TDRA table requires too much time considering the limited TU, and will also make the TDRA table more complex with less flexibility.
However, FL plan not to discuss the details on the design currently, but to narrow down the options in this meeting. The following proposal is given according to be above observation. 
FL’s Proposal 2-4:
Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
· Option 2: Based on TDRA
Companies are welcomed to provide your preferences and comments on FL’s Proposal 2-4 in the following table.
	Company
	1/2/other
	Comments

	Spreadtrum
	Option 3
	As analysis above, we believe Option 3 is best way to go. It is a unified solution for PUSCH repetition before and after RRC reconfiguration, has no impact on MCS, no new TDRA table. 

	Ofinno
	
	Similar view with Spreadtrum

	vivo
	option 2/5
	MCS optimization should be precluded, i.e. option 1 can not be supported, especially when the target PUSCH includes both PUSCH for msg5 and those after Msg5 transmission.



Issue#2-4: Issues with lower priority
This part mainly includes the issues didn’t be mentioned by too many companies in their contributions, and will be treated with low priority in this meeting, unless some quite stable common understandings can be reached.
Candidate values of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI
Companies’ views on this issue can be found as follows.
	Company
	Opinions

	Huawei, Hisilicon
	[bookmark: _Ref212646226]Proposal 14: The maximum number of Msg5 repetitions is extended to 32.

	CATT
	Proposal 12: PUSCH repetition number can be indicated by 2 MSB of MCS field in DCI 0_0 with C-RNTI.
· Further study the candidate value of the PUSCH repetition.

	CTC
	Proposal 9: Adopting the candidate value of Msg3 repetition times, i.e., {1,2,3,4,7,8,16}, as the starting point for that of Msg5 repetition.

	Xiaomi
	Proposal 13: For Msg5 and post-Msg5 PUSCH repetitions during initial access, reuse the PUCCH repetition request / early UE capability reporting mechanism defined in Rel-18 NR-NTN for Msg4 HARQ-ACK.
· A separate RSRP threshold can be optionally configured by the gNB

	Samsung
	Proposal 12: PUSCH repetition should be an independent feature separated from MSG3 repetition feature.
Proposal 13: The candidate number of repetition for PUSCH can be determined by multiplying a scaling factor to the candidate number of repetition for MSG3. The scaling factor is related to the number of RB scheduled for this PUSCH. 
A.	Note: The scaling factor is related to the number of RB scheduled for this PUSCH

	Sharp
	Proposal 9
· Option 1, i.e., using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI, is supported to indicate the number of repetitions for PUSCH transmission. 
· Up to 4 repetition levels can be configured by higher layers. 
· Candidate value of 32 repetitions is supported for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI. 

	NTT DOCOMO
	Proposal 12: Regarding PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, 
· Support repetition factors {2, 4, 8}
· For NTN scenario, additional larger value can be considered


Though mentioned by many companies, but the values proposed are not very converged. Thus, FL would like to first focus on whether the maximum candidate value can be extended to 32 compared with Msg3 repetition.
FL’s question 2-5a
Whether the maximum candidate value of PUSCH repetition scheduled by DCI 0_0 with C-RNTI could extended to 32?
Companies are welcomed to provide your comments on in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Y/N
	Comments

	
	
	

	
	
	



Further clarification on the RV determination
Companies’ views on this issue can be found as follows.
	Company
	Comments

	Vivo
	Proposal 8: RAN1 to clarify whether the RV id signalled in the DCI 0_0 should be applied to the first repetition of initial transmission of PUSCH scheduled by DCI 0_0 with C-RNTI. 

	OPPO
	Proposal 10: For Msg5 PUSCH repetitions, first RV id determination is based on the DCI field of the scheduled format 0_0 for the first repetition of Msg5 PUSCH initial transmission. The following RV sequences is determined with same rules for Msg3.


As vivo and OPPO pointed, the agreement to reuse the RV determination in Msg3 repetition may not be clearly enough since the first RV id for Msg5 is indicated in the DCI 0_0, while it is fixed to 0 in Msg3 repetition. Thus, FL think companies can further provide your opinions on how to decide first RV id in the PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.
FL’s question 2-5b
The first RV id of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI should be fixed to 0 or follows the indication in DCI format 0_0. 
Companies are welcomed to provide your comments on Relation with Msg3 repetition in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
Companies are provided to your answers in the following table. 
	Company
	Preference and Comments

	vivo
	Follow DCI.

	
	



Relation with Msg3 repetition
Companies’ views on this issue can be found as follows.
	Company
	Opinions

	CTC
	Proposal 11: Consider to support to trigger the Msg5 repetition when Msg3 repetition is request and adopted.  

	Samsung
	Proposal 12: PUSCH repetition should be an independent feature separated from MSG3 repetition feature.
Proposal 13: The candidate number of repetition for PUSCH can be determined by multiplying a scaling factor to the candidate number of repetition for MSG3. The scaling factor is related to the number of RB scheduled for this PUSCH. 
A. Note: The scaling factor is related to the number of RB scheduled for this PUSCH

	Interdigital
	Proposal 9: Support UE specific Msg5 repetition indication through one of the following signalling methods:
· Re-purpose MCS field in DCI scheduling Msg5 
· Use Msg3 repetition indication (e.g., apply the same number of repetitions for Msg5 as indicated for Msg3) 



Companies are welcomed to provide your comments on Relation with Msg3 repetition in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Comments

	
	

	
	

	
	


Frequency Hopping Issue
Companies’ views on this issue can be found as follows.
	Company
	Comments

	Vivo
	Observation 8: Frequency hopping mode determination for PUSCH repetition scheduled by fallback DCI with C-RNTI is already specified by current specification .
Observation 9: The enabling of frequency hopping, frequency offset configuration and the start PRB calculation for each hop in case of frequency hopping of PUSCH scheduled by fallback DCI with C-RNTI are already specified by current specification .
Observation 10: Intra-slot frequency hopping is mandatory and inter-slot frequency hopping is optional according current specification.
Observation 11: No obvious gain can be achieved from frequency hopping for repetition of PUSCH scheduled by fallback DCI with C-RNTI.
Observation 12: There is little performance difference between PUSCH with intra-slot FH and inter-slot FH.
Proposal 12: Down select from following 2 options on frequency hopping of PUSCH repetition scheduled by fallback DCI with C-RNTI:
· Option 1: Do not support inter-slot frequency hopping.
· Option 2: Support inter-slot frequency hopping with the FH capability combined with repetition capability in one feature group.


	Xiaomi
	Proposal 14: For PUSCH transmission scheduled by DCI format 0_0 with C-RNTI during initial access, reuse the same design as for Msg3 repetition in Rel-17 CE for the following aspects:
· Indication of number of repetitions
· Candidate values
· Frequency hopping

	KT
	Proposal 11: RAN1 to specify frequency hopping for PUSCH transmission indicated via DCI format 0_0 with CRC scrambled by C-RNTI.
· Frequency offset can be implicitly configured based on the initial BWP size and parts of FDRA field.
· Frequency hopping mode can be implicitly configured based on the frequency hopping flag field and indicated repetition factor.

	Sharp
	Proposal 7
· Inter-slot frequency hopping is applied for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.
· TBoMS is not supported for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.

	Qualcomm
	Proposal 15: For repetition of PUSCH scheduled with DCI 0_0 with C-RNTI, support frequency hopping using existing frequency hopping field in DCI 0_0.
· FFS: further details and configurations

	Ericsson
	Observation 21: Intra-slot FH reduces channel-estimation accuracy and spectral efficiency, therefore, only inter-slot FH should be supported for Msg5 PUSCH repetitions. Furthermore, inter-slot FH for Msg5 PUSCH repetitions can be enabled through the frequency hopping flag in DCI 0_0 with C-RNTI.
Proposal 12: Support only inter-slot FH for Msg5 PUSCH repetitions, enabled through the frequency hopping flag in DCI 0_0 with C-RNTI. 


According to companies’ input, the intra-slot frequency hopping seems not needed for PUSCH repetition scheduled by DCI 0_0 with C-RNTI, while inter-slot hopping can be considered to be supported. FL would like more companies to provide your views on the following 2 proposals. 
FL proposal 2-5a
Not support intra-slot frequency hopping for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.
Companies are welcomed to provide your comments on FL’s Proposal 2-5a in the following table.
	Company
	Y/N
	Comments

	vivo
	N
	I guess FL means inter-slot frequency hopping is not supported?
Intra-slot FH is already supported in legacy. The issue is whether we need to support inter-slot FH on top of that.
If inter-slot FH is expected to be supported, in our analysis, such hopping UE feature should be combined with the repetition feature so that Msg5 (before dedicated UE capability is available) can be enabled with it.

	
	
	



FL proposal 2-5b
Support inter-slot frequency hopping for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.
Companies are welcomed to provide your comments on FL’s Proposal 2-5b in the following table.
	Company
	Y/N
	Comments

	vivo
	
	See comments above. 
And it should be clear that if inter-slot FH is supported on top of intra-slot FH, little gain can be achieved, as is shown in our evaluation. If the motivation of inter-slot FH is to keep frequency shift in slot level, such feature should be combined with repetition feature itself, otherwise, Msg5 can not be enabled with this feature anyway.

	
	
	


SBFD Issue
Companies’ views on this issue can be found as follows.
	Company
	Comments

	Vivo
	[bookmark: _Ref213263387][bookmark: _Ref213263290]Proposal 9: RAN1 to clarify that SBFD symbols can be applied for repetition of PUSCH scheduled by DCI 0_0 with C-RNTI.

	Lenovo
	[bookmark: _Hlk213968186]Proposal 11: PUSCH transmission scheduled by DCI 0_0 with C-RNTI could also be transmitted in UL subband in SBFD symbols.
· FFS: details.


As vivo and Lenovo pointed, since SBFD symbols can be used for PUSCH in RACH, it should be further clarified whether PUSCH transmission scheduled by DCI 0_0 with C-RNTI could also be transmitted in UL subband in SBFD symbols.
FL’s question 2-5c
Whether PUSCH repetition scheduled by DCI 0_0 with C-RNTI could also be transmitted in UL subband in SBFD symbols.
Companies are welcomed to provide your comments on in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Y/N
	Comments

	Ofinno
	Y
	Supporting SBFD is natural unless there are strong concerns against it.

	vivo
	Y
	Detailed spec. changes can be FFS.


Applicable to NTN 
DOCOMO pointed that the mechanism can also be beneficial for NTN scenario. From FL’s perspective, most mechanism supported for TN are also supported for NTT naturally, thus, this can be the same to PUSCH repetition scheduled by DCI format 0_0 with C-CNTI. FL would like to see more companies’ opinions.
FL’s question 2-5d
Whether PUSCH repetition scheduled by DCI 0_0 with C-RNTI could also be supported for NTN?
Companies are welcomed to provide your comments on in the following table. If there are some common understandings, FL will provide a proposal on this issue in 2nd discussion.
	Company
	Y/N
	Comments

	Ofinno
	Y
	Agree with FL that it is naturally supported for TN and NTN. 

	vivo
	
	We do not see additional functional spec. changes needed to support it in NTN compared to TN, except the UE feature discussions which would happen in a later stage.


Other Issues
Huawei also propose to further study the beam utilization, but since no other companies and talk about the details, FL will not provide any questions/proposals related to this issue currently. Besides, companies are also welcomed to provide your views on Any Other Issues in the following table.
	Company
	Comments

	
	

	
	



6. Discussion Points on extending pi/2-BPSK to more MCS entries
In this section, FL summarized the key issues for making progress on the PUSCH repetition scheduled by DCI 0_0 with C-RNTI based on companies’ contributions.
Issue#3-1: Which table(s) to be enhanced
Companies’ views on Issue#3-1 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 11: Rel-20 only support to extend pi/2-BPSK to more MCS entries in Table 6.1.4.1-1 (64QAM MCS table)

	Vivo
	Proposal 13: Support pi/2 BPSK for MCS indexes 2 to up to 5 in MCS Table 6.1.4.1-1, and MCS indexes 6 to up to 11 in Table 6.1.4.1-2 defined in 3GPP TS38.213.

	Huawei, Hisilicon
	Proposal 19: Extend the support of pi/2-BPSK for the MCS index values up to IMCS = 6 and IMCS = 12 in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214, respectively, to achieve a maximum SE of N = 0.8770.

	CATT
	Proposal 13：For the MCS table without low SE, the MCS index of pi/2-BPSK could be extended to the SE=0.7402.
· MCS entry=5 in the MCS table without low SE
· MCS entry=11 in the MCS table with low SE.

	CTC
	Proposal 13: Support to extend pi/2-BPSK to more MCS for both Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214. 

	Xiaomi
	both the 64QAM MCS table (Table 6.1.4.1-1 in TS 38.214) and the 64QAM lowSE MCS table (Table 6.1.4.1-2 in TS 38.214) could be considered for extended π/2-BPSK entries.
Proposal 15: Consider the following aspects on the normative work for pi/2-BPSK to more MCS entries: 
· MCS table design
· Not prefer introducing new MCS table(s) 

	OPPO
	Proposal 12: Introducing MCS table with more pi/2-BPSK entries only for DFT-s-OFDM. RAN1 identify the SNR range with coverage limited use case.

	Panasonic
	Proposal 12: The simultaneous operation of extension of pi/2-BPSK and low SE MCS table would not be required.

	ETRI
	[bookmark: _Ref213335755]Proposal 19: Extending pi/2-BPSK to more MCS entries to both Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214.

	Lenovo
	[bookmark: OLE_LINK1]Proposal 12：A new MCS table could be determined based on the existing MCS table by configuring a number of entries supporting pi/2 BPSK.

	NTT DOCOMO
	Proposal 13: For extension of pi/2-BPSK to more MCS entries, on whether to support Table 6.1.4.1-2 for the extension, 
· If this function can be achieved without fragmented design in the specification and without fragmented UE capability, we support to specify this enhancement for Table 6.1.4.1-2
· Otherwise, assuming very low possibility of commercialization, we don’t support

	Ericsson
	[bookmark: _Toc213423401]Proposal 15: Support a new MCS table equivalent to the legacy Table 6.1.4.1-1, incorporating extended MCS indices to support pi/2-BPSK while retaining the existing values for the other MCS indices, along with a new RRC configuration referring to this table. 


Round 1
FL Observations:
Companies (vivo, Huawei, Hisilicon, CATT, CTC, ETRI, NTT DOCOMO) support to apply the extension of pi/2 BPSK to both table 6.1.4.1-1 and 6.1.4.1-2, while some companies (Spreadtrum, UNISOC, Xiaomi, Panasonic, Ericsson) think only table 6.1.4.1-1 should be supported. 
From FL’s perspective, the number of companies supporting table 6.1.4.1-2 or not is close. As per justification in WID, the extension in table 6.1.4.1-2 seems not needed. But as pointed by DOCOMO, if there is no fragmented design in the specification and without fragmented UE capability, support table 6.1.4.1-2 is also reasonable. Thus, before giving conclusion (maybe not in this meeting), FL would like companies to answer the following question.
FL’s question 3-1
Is there any extra spec modification/UE capability needed if table 6.1.4.1-2 is supported for pi/2-BPSK extension besides table 6.1.4.1-1? 
Companies are provided to your preferences and comments in the following table. 
	Company
	Y/N
	Comments

	vivo
	
	Of course, table 2 needs to be additionally modified. But that’s just minor change.

	
	
	


Issue#3-2: Signalling for indicating the extension
Companies’ views on Issue#3-2 can be found as follows.
	Company
	Proposals

	Vivo
	[bookmark: _Ref209729589]Proposal 14: pi/2 BPSK extension UE capability should be reported, and the target UEs are of PC3 only.
[bookmark: _Ref209729594]Proposal 15: The separate RRC signaling to enable pi/2 BPSK extension is conditioned on PC3 UE capability report.
[bookmark: _Ref213263334]Observation 16: The overall coverage gain of pi/2 BPSK over QPSK may change dynamically due to the change of uplink duty cycle and link quality.
[bookmark: _Ref213263409]Proposal 16: On top of RRC signaling, study dynamic signaling to enable the pi/2 BPSK extension and to change the extended MCS ranges by network.

	Huawei, Hisilicon
	Proposal 19: Extend the support of pi/2-BPSK for the MCS index values up to IMCS = 6 and IMCS = 12 in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214, respectively, to achieve a maximum SE of N = 0.8770.

	CATT
	Proposal 14: Define a new RRC parameter to enable all MCS entries for pi/2-BPSK for power class 3 UE. 

	Samsung
	Proposal 18: gNB to configure a UE specific parameter to indicate the exact maximum targeting spectrum threshold or a maximum MCS index to use for pi/2-BPSK.

	ETRI
	[bookmark: _Ref213335737]Proposal 16: Introduce RRC signalling to indicate the extension of pi/2-BPSK to more MCS entries, and FFS dynamic application.
[bookmark: _Ref210290740]Proposal 18: Enhanced MCS index table can be applied to RRC idle mode as well.

	Nokia
	Observation 1. Concerning how to specify the extension, modifications of the existing MCS tables are not a preferable approach given that the MCS tables are to be used by both Rel-20 UEs and legacy UEs. Instead, configuring the extended MCS entries in RRC, which offers backward compatibility and flexibility, is a better solution.
Proposal 7. For specifying the extension of MCS entries, the extended MCS entries are configured in RRC.

	Ofinno
	Proposal 13: Consider the following signaling options for π/2-BPSK extension with introducing a separate MCS table for π/2-BPSK entries.
· Option 1: Activate the table via RRC
· Option 2: Indicate the table based on different RNTI from C-RNTI

	Apple
	Proposal 8: Introduce a new RRC parameter to indicate the extending MCS entries for pi/2 BPSK modulation with transform precoding. The parameter for extending pi/2 BPSK entries is present only if tp-pi2BPSK is enabled. 

	Qualcomm
	Proposal 16: The network configures the UE with the maximum MCS index for which Pi/2-BPSK is enabled.


Round 1
FL Observations:
The following agreement was reached in last meeting. 
	Agreement @122bis
· Introduce RRC signaling to enable the extension of pi/2-BPSK to more MCS entries.


However, since the MCS entries with the performance gain can be larger for PC3 UE, some companies (vivo, CATT) think the RRC signaling should be subject to PC3 UE only, while companies (Samsung, ETRI, Nokia, Qualcomm) think that the maximum MCS index for applying the extension of pi/2-BPSK can be indicated by RRC. 
Based on the observation, FL would like test the temperature of the following proposal
FL’s Proposal 3-2:
Support to configure the maximum MCS index for which Pi/2-BPSK is enabled to UE via RRC signalling.

Companies are welcomed to provide your comments on FL’s Proposal 3-2 in the following table.
	Company
	Y/N
	Comments

	vivo
	Y
	We’re also fine to discuss even with DCI signaling given the gain depends on the duty cycle and signal quality which are varying dynamically.
It should be noted that the enabling signaling should be on condition of PC3 capability report from the UE. This proposal is on condition of the enabling signaling.
According to above, to make it clear, we suggest having following update.

Support to configure the maximum MCS index for which Pi/2-BPSK extension is enabled to UE via RRC signalling, and the UEs enabled with pi/2-BPSK extension are PC3 UEs only.



	
	
	



Issue#3-3: LLS methodology and results
Companies’ views on Issue#3-3 can be found as follows.
	Company
	Proposals

	vivo
	[bookmark: _Ref210128117][bookmark: _Ref210117876]Observation 13: The overall coverage gain of pi/2 BPSK over QPSK is independent from the PRB allocation.
Observation 14: With the assumption of 2.8dB power boosting gain, the overall coverage gain of pi/2 BPSK over QPSK can be achieved when SE is less than 0.877.
[bookmark: _Ref210117882]Observation 15: If different power boosting gains are considered, the overall coverage gain of pi/2 BPSK over QPSK can be obtained at different SE ranges, i.e. different MCS indexes.
[image: ][image: ]
Figure 1. pi/2BPSK gain over QPSK with different PRB allocations
[image: ]
Figure 2. pi/2BPSK gain over QPSK with different power boosting

	Huawei, Hisilicon
		Parameters
	Value

	Antenna configuration
	2T64R

	Channel model
	CDLC-363ns

	MCS
	2-6 (Table 6.1.4.1-1 in TS.38.214)

	Rank
	1

	UE speed
	3km/h

	Channel estimation mode
	Ideal

	SCS
	30kHz

	                                  (a) pi/2-BSPK                                                                           (b) QPSK
[image: ]
[bookmark: _Ref212645774][bookmark: _Ref208343290]Figure 7: BLER evaluation for pi/2-BPSK and QPSK modulation with the same SE (double code rate for pi/2-BSPK)

	[bookmark: _Ref212645887]Table 4: Total gain [dB] achieved by extending the MCS index values for pi/2-BPSK
	MCS Index/SE
	Demodulation loss (dB)
	Total gain (dB) = Demodulation loss + Power gain 1dB
	Total gain (dB) = Demodulation loss + Power gain 2.8dB
	Date rate @273RB (Mbps)

	2/0.377
	0.3
	0.7
	2.5
	 6.3 Mbps

	3/0.4902
	0.6
	0.4
	2.2
	 8.2 Mbps

	4/0.6016
	0.9
	0.1
	1.9
	 10.0 Mbps

	5/0.7402
	1.7
	-0.7
	1.1
	 12.5 Mbps

	6/0.877
	2.7
	-1.7
	0.1
	 14.5 Mbps







	CATT
	[image: E:\文档\项目\Coverage enhancement\Rel-20\文稿准备\#123\SNR仿真.png]
Observation 4: The PUSCH transmission with pi/2 BPSK has a performance loss compared with the PUSCH transmission with QPSK. As the MCS index increases, the performance loss of pi/2-BPSK compared with QPSK gradually increases.
· For the SE=0.7402, the performance loss is about 2 dB;
· For the SE=0.8770, the performance loss is about 3.1 dB.  


	ZTE, Sanchips
	Table 4.1 Performance at 1% BLER
	MCS_index
	SE
	Baseline-QPSK
	Pi/2-BPSK w/o power boosting- Required SNR (dB)
	SNR loss

	
	
	Required SNR(dB)
	
	

	2
	0.3770
	-9.4
	-9.1
	0.3

	3
	0.4902
	-8.3
	-7.8
	0.5

	4
	0.6016
	-7.3
	-6.5
	0.8

	5
	0.7402
	-6.4
	-4.8
	1.6

	6
	0.8770
	-5.5
	-2.8
	2.7




	Nokia
	[bookmark: _Ref209800990]Table 4. Net gain results for a PUSCH according to the considered simulation assumptions 
	Net gain
	RB4
	RB30
	RB150

	MCS2
	0.39
	0.4
	0.73

	MCS3
	0.08
	0
	0.22

	MCS4
	-0.23
	-0.43
	-0.52

	MCS5
	-0.88
	-1.19
	-1.14

	MCS6
	-2.07
	-2.51
	-2.73




	Ericsson
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[bookmark: _Ref207980860]Figure 7	BLER performance for QPSK and pi/2-BPSK with respect to the MCS indices supporting pi/2-BPSK for SE range of 0.3770–0.8770 (MCS indices 2–6 in Table 6.1.4.1-1). The evaluation is performed comparing performance of QPSK with pi/2-BPSK with no power gain (left figure), with 1.0 dB power gain (middle figure) and with 2.8 dB power gain (right figure). 
[bookmark: _Ref212195985]Table 5	SNR at 10% BLER for QPSK and pi/2-BPSK with no power gain and with power gains of 1.0 dB and 2.8 dB for the SE range 0.3770–0.8770 (MCS indices 2–6 in Table 6.1.4.1-1). Red and green values indicate lower and higher performance of pi/2-BPSK compared to QPSK, respectively.
	SE (MCS Index)
	QPSK
	pi/2-BPSK 
with no power gain 
	pi/2-BPSK 
with 1 dB gain
	pi/2-BPSK 
with 2.8 dB gain

	0.3770 (2)
	-12.6 dB
	-12.3 dB
	-13.3 dB
	-15.1 dB

	0.4902 (3)
	-11.8 dB
	-11.3 dB
	-12.3 dB
	-14.1 dB

	0.6016 (4)
	-11.1 dB
	-10.2 dB
	-11.2 dB
	-13.0 dB

	0.7402 (5)
	-10.2 dB
	-8.7 dB
	-9.8 dB
	-11.6 dB

	0.8770 (6)
	-9.4 dB
	-6.9 dB
	-7.9 dB
	-9.6 dB


[bookmark: _Toc213423385]Observation 24: The performance of pi/2-BPSK (no power gain) is inferior to QPSK across the evaluated SE range (0.3770–0.8770), i.e., the 10% BLER SNR penalty increases from 0.3 dB at SE = 0.3770 to 2.5 dB at SE = 0.8770. With a 1 dB power gain, pi/2-BPSK outperforms QPSK only at SE = 0.3770 and 0.4902, and with a 2.8 dB power gain, pi/2-BPSK outperforms QPSK across SE range of 0.3770–0.8770. 



FL Observations:
The simulation results are the only basis for determination of MCS entries can be applied with the extension of pi/2-BPSK. This section just lists the simulation results for companies’ reference. The discussion will be merged in issue #3-4. 
However, if we need to align simulation assumption in future round discussion, it will be discussed here.

Issue#3-4: Which MCS entries can be applied with the extension of pi/2-BPSK 
Companies’ views on Issue#3-4 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 12: Pi/2 BPSK is extended to MCS2/3/4/5 entries instead of QPSK with the same spectrum efficiency

	Vivo
	[bookmark: _Ref209817922]Proposal 13: Support pi/2 BPSK for MCS indexes 2 to up to 5 in MCS Table 6.1.4.1-1, and MCS indexes 6 to up to 11 in Table 6.1.4.1-2 defined in 3GPP TS38.213.

	Huawei, Hisilicon
	[bookmark: _Ref210031152]Observation 8: Extending the support of pi/2-BPSK for the MCS index values to support the maximum SE of 0.6016 for non-power boost UEs and the maximum SE of 0.877 for power boost UEs achieves an enhancement to the required UL data rate as indicated in the WID, i.e., > 5 Mbps.
Observation 9: The actual power gain under different scheduling scenarios and modulation schemes depends on the specific UE, as the implementations of UEs vary. The power gain obtained by the UE based on pi/2-BPSK may be larger than the gains listed in the RAN4 table.
[bookmark: _Ref209780206][bookmark: _Ref212646231][bookmark: _Hlk214000205]Proposal 19: Extend the support of pi/2-BPSK for the MCS index values up to IMCS = 6 and IMCS = 12 in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214, respectively, to achieve a maximum SE of N = 0.8770.


	CATT
	Proposal 13：For the MCS table without low SE, the MCS index of pi/2-BPSK could be extended to the SE=0.7402.
· MCS entry=5 in the MCS table without low SE
· MCS entry=11 in the MCS table with low SE.

	CTC
	Proposal 12: Support extending pi/2-BPSK to MCS entries with SE<0.8770.

	ZTE, Sanchips
	[bookmark: OLE_LINK11]Proposal 20: Extending pi/2-BPSK to more MCS entries for PC3 UE using DFT-s-OFDM with power boosting.
Proposal 21: Pi/2-BPSK is extended to more MCS entries in MCS tables with spectrum efficiency no larger than N, the value of N is 0.7402. 

	Panasonic
	Proposal 13: For the indication of the usage of extended MCS entries for pi/2-BPSK, the following approaches should be discussed.
· Approach 1: Semi-static indication
· Higher layer parameter tp-pi2BPSK-r20 is introduced.
· The usage of extended MCS entries for pi/2-BPSK is based on tp-pi2BPSK-r20.
· Approach 2: Dynamic indication
· The usage of extended MCS entries for pi/2-BPSK is based on DCI information or RNTI for CRC scrambling PDCCH scheduling corresponding PUSCH.

	Nokia
	Proposal 7. At least for MCS table 1, RAN1 to extend pi/2-BPSK at least to MCS2 and MCS3. Whether to extend to other MCS entries should depend on results obtained for larger number of Rx antennas. 

	Ericsson
	[bookmark: _Toc213423400]Proposal 14: Support extension of pi/2-BPSK for MCS entries with spectrum efficiency of up to 0.8770, i.e., MCS index 2–6 in Table 6.1.4.1-1 of TS 38.214.


Round 1
FL Observations:
According to the observations, for PC3 UE with DFT-s-OFDM, the gain can be acquired by adopting pi/2-BPSK at least when the SE is smaller than 0.8770. As for when SE of N = 0.8770, i.e., IMCS = 6 and IMCS = 12 in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214, the performance is a little controversial. 5 (counted by the number of contributions) simulation results (vivo, Huawei/Hisilicon, ZTE, Ericsson, Nokia) show a performance no larger than 0.3dB for the high data rate situation, while 1 simulation results (CATT) show a performance loss of 0.3dB. Even though the performance gain is not too large, but it is majority that it exists for SE = 0.8770. Besides, if the proposal in issue #3-2 can be agreed, FL think supporting one more MCS entry is more flexible and acceptable. 
Thus, the following proposal is provided according to companies’ contributions. 
FL’s Proposal 3-4:
Pi/2-BPSK can be extended to more MCS entries in MCS tables with spectrum efficiency no larger than 0.8770
Companies are welcomed to provide your comments on FL’s Proposal 3-4 in the following table.
	Company
	Y/N
	Comments 

	vivo
	
	If RRC signaling is agreed, include 0.877 might be fine, otherwise, we should say smaller than according to our results to make sure obvious gain can be achieved.

	
	
	


Issue#3-5: Other issues
Companies are welcomed to provide your views on the other issues that you think are essential but not mentioned in the above issues in the following table.
	Company
	Comments

	
	

	
	



7. Agreements
The following agreements were reached in Monday’s online session.

The following agreements were reached in Tuesday’s online session.

The following agreements were reached in Wednesday’s online session.

The following agreements were reached in Thursday’s online session.
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Table   1 : DCI  format   1_0 and DCI format 0_0  

DCI format 1_0  DCI format 0_0  

Identifier for DCI formats  –   1 bits  Identifier for DCI formats  –   1 bit  

Frequency domain resource assignment    Frequency domain resource assignment    

Time domain resource assignment  –   4 bits  Time domain resource assignment  –   4 bits   

VRB - to - PRB mapping  –   1 bit  Frequency hopping flag  –   1 bit   

Modulation and coding scheme  –   5 bits  Modulation and coding scheme  –   5 bits   

New data indicator  –   1 bit  New data indicator  –   1 bit  

Redundancy version  –   2 bits  Redundancy version  –   2 bits   

HARQ process number  –   4  bits  HARQ process number  –   4 bits  

Downlink assignment index  –   2 bits     

TPC command for scheduled PUCCH  –   2 bits   TPC command for scheduled PUSCH  –   2 bits   

PUCCH resource indicator  –   3 bits   Padding bits, if required.  

PDSCH - to - HARQ_feedback   timing indicator  –   3 bits   UL/SUL indicator  –   1 bit or 0 bit  
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