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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK8] 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 proposals
· FL summary based on the companies’ input
· RAN1 agreements
2. Contact information
Companies are welcome to input your contact information below, so that I could be familiar with you as soon as possible, and also for organizing any unofficial discussions if necessary.
	Company
	Name
	Email

	China Telecom
	Hang Yin
	yinh6@chinatelecom.cn

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

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

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

	ZTE
	Shuai Zhou
	Zhou.shuai5@zte.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


The QR codes of FL’s Wechat/Whatsapp/LINE are attached as follows. Companies are welcomed to reach me out by scanning any of the QR codes so that we can have a stronger connection before we meet. 😊
[image: ]  [image: ]  [image: ]
3. 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: Understanding of PRACH with Different Tx Beams
Companies’ views on Issue#1-1 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	Proposal 1: Selection of same or different Tx beams in PRACH repetitions is up to UE implementation.

	ZTE, Sanechips
	Proposal 1: Multiple PRACH transmissions mechanism specified in Rel-20 should focus on RACH procedure initiated by UE in RRC non-connected state. .
Observation 2: The standardization complexity can be reduced by adopting a single sweeping factor, for example, initial selection and fall back operation among different sweeping factors can be avoided. 
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.
Proposal 6: For PRACH sweeping, a single sweeping factor should be defined for RO group size determination. 
Proposal 8: RAN1 should consider the following cases for PRACH repetition and PRACH sweeping,
· Combined operation of PRACH repetition and PRACH sweeping;
Selection/Switching among PRACH repetition and/or PRACH sweeping.

	Xiaomi
	The number of Tx beams is UE-implementation specific and is not specified.

	Nokia
	Proposal 3. PRACH repetitions with same Tx beam is the baseline solution. PRACH repetitions with different Tx beams can be configured only alongside the baseline solution.

	CATT
	Proposal 5: Further study how to determine the transmission method in a RACH procedure if a UE supports Rel-18 PRACH repetition and multiple PRACH transmissions with different Tx beams simultaneously.

	OPPO
	Proposal 1: The PRACH transmission with different Tx beams should also support preamble repetition on each Tx beam.
Observation 1: In case that the valid RO set consists of multiple subsets and each subset associated with same beam, the UE transmission and gNB reception can be same as Rel-18 in each valid RO subsets.
Proposal 3: Reuse the procedure in Rel-18 to define the valid RO set for multiple PRACH transmissions with different Tx beams.
Proposal 4: The valid RO set used for PRACH transmission consists of multiple valid RO subsets. Each subset is associated with same Tx beam.

	LGE
	Observation 1: 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 1: 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.

	Transsion Holdings
	Proposal 2: It is recommended to support the combination of multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with the same Tx beam.

	China Telecom
	Observation 2: Using same Tx beam in multiple PRACH transmissions with different Tx beams shouldn’t be forbidden. 
Proposal 5: When multiple PRACH transmission with different Tx beams, it is up to UE’s implementation to determine which spatial filter is used.

	KT
	Observation 1-1: For Case A, B, G, and H, an additional configuration to define  or  is required.
Observation 1-2: For Case C and I, two additional configurations to define two of  , , or  are required.
Observation 1-3: For Case D and E, two additional configurations to define  and  (or ) are required.
Observation 1-4: For Case F, three additional configurations to define   and two of  , , or  are required.
Proposal 2: Different preamble indices with predefined relationships should be used for different transmit beams, at least in Cases A, C, D, F, G, and I.

	Panasonic
	Proposal 1: Support that it is up to UE implementation to determine which Tx beam for transmitting each of N PRACHs.
Proposal 2: Support that a UE determines a group of N ROs, which are associated with the same SSB, for transmitting N PRACHs based on UE implementation.

	Qualcomm
	Proposal 3: For multiple PRACH transmissions, support allowing both same and different Tx beam transmissions within the same PRACH attempt with multiple PRACH transmissions.
Proposal 4: 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.

	Ericsson
	[bookmark: _Toc210337373]Proposal 2: Adopt the working assumption that Tx beams for multiple PRACH transmissions are up to UE implementation.  

	NTT DOCOMO
	Proposal 1: Support multiple PRACH transmissions with different beams for CBRA and CFRA.
Proposal 3: 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. 

	Sharp
	Observation 1
· When SSB is transmitted with wide beam, PRACH transmission with narrow beam sweeping may help reduce access latency and improve reliability of PRACH detection, compared to single PRACH transmission.  
Observation 2
· When UE is not capable of full beam correspondence, it may be beneficial to employ the PRACH beam sweeping at the UE side to improve the detection performance and reduce the access latency, compared to single PRACH transmission.  

	ASUSTek
	Proposal 1: RAN1 study following aspects for Msg1 repetition with different TX beams:
(1) Which type RA UE could apply Msg1 repetition with different TX beams (e.g., CFRA, CBRA, or both)
(2) Whether to support RACH partition for Msg1 repetition with different TX beams
(3) In which condition, the UE is allowed to apply Msg1 repetition with different TX beams (e.g., UE determines based on RSRP, or gNB indicates) and how UE determines Rel-18 or Rel-20 Msg1 repetition scheme for RA procedure
(5) After RA procedure is completed, which TX beam is used as default beam for UL transmission before receiving TCI state indication.

	CEWiT
	Proposal 1: Consider Rel-18 PRACH repetitions using the same Tx beam as the baseline
Proposal 4: The maximum number of PRACH repetitions should be restricted to the maximum number of supported UL Tx beams.
Proposal 5: UE identifies the number of PRACH repetitions based on the available UL Tx beam


FL Observations:
Aligning the common understanding of extending multiple PRACH transmissions with same Tx beam to different Ts is the prerequisite of achieving a unified design. According to the contributions, the key issue for reaching the consensus is the determination of TX beam utilized for PRACH transmission. 
Based on companies’ understanding (SPD, ZTE, Sanechips, Xiaomi, OPPO, LGE, Transsion Holdings, China Telecom, KT, Panasonic, Qualcomm, Ericsson, NTT DOCOMO, Sharp), it should be up to UE implementation to determine which Tx beams should be selected for PRACH transmission, which means same Tx beam can also be used for partial/all of the PRACH transmission in Multiple PRACH transmissions with different Tx beams. 
What’s more, some companies (OPPO, LGE, KT) proposed to introduce a sub-RO group, within which the same Tx beam is used, so that gNB can acquire an extra detection gain by combining the measurement of all the PRACHs within the sub-RO group. 
Besides, as proposed by companies (ZTE, Sanechips, CEWiT), FL think it is also common understanding that the Repetition times of multiple PRACH transmissions with different Tx beams is the maximum Tx beams can be used by UE but not the number of Tx beams are used.
According to the above observations, the following proposal is proposed. 
FL’s Proposal 1-1:
It’s up to UE implementation to determine the Tx beams for multiple PRACH transmissions with different Tx beams.
· UE can use the same Tx beam for multiple PRACH transmissions.
· Note 1: whether/how to introduce sub-RO groups (within which the same Tx beam is used) is a separate discussion.
· Note 2: UE is not required to use X Tx beams for X times multiple PRACH transmissions.
Companies are welcomed to provide your comments on FL’s Proposal 1-1 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y for main bullet
	We support main bullet only.
For sub bullet, if same Tx beam is used for all repetitions, the corresponding PRACH resources can be used, as in Proposal 1-3. 
We are not clear on the intention of Note 1 and Note 2.

	China Telecom
	Y
	For the sub bullet, according to the FL observation, we think it means that same Tx beam can be used in some of the multiple PRACH transmissions. If so, we think it is not forbidden that UE may also use the same Tx beam for all the multiple PRACH transmissions, but we think UE won’t do so generally.
For Note 1: we think introduce the sub-RO groups will constrain the flexibility of UE implementation, and make the mechanism more complex. We are fine with the proposal, but don’t think such mechanism should be supported. 
For Note 2: we think it further clarifies the meaning of sub-bullet, which can be either kept or removed according to the majority’s view.

	Apple
	Y
	For the first sub-bullet, it may restrict that If UE can use the same Tx beam for multiple PRACH transmissions, but not all the PRACH transmissions. Otherwise, UE could not fulfil RAN4’s requirements, if it’s defined for this feature.  

	QC
	Y
	Agree that’s its up to the UE to determine the beams. But we will still need to introduce the notion of a sub-RO group as the gNB needs to know which ROs can be combined (due to the use of same beam) and which ones cant be combined (due to the use of dif beams).

	Ericsson
	Y
	Support the main bullet.
Support the first sub-bullet, as the Tx beam selection is up to UE implementation, the UE should have the flexibility to choose which beam to use on each occasion.
Do not support Note 1, as introducing sub-RO groups will restrict the flexibility of UE in selecting Tx beams per RO and will complicate the specification effort. To address QC’s comment on need for sub-ROs, we describe an alternative solution in Proposal in 1-3, which can avoid defining sub-ROs while maintaining flexibility for UEs to select Tx beams per RO.
Support Note 2, for the same reason as the first sub-bullet.

	Huawei, HiSilicon
	
	In our view this proposal is unclear and some modifications or clarifications are needed.
· For the main bullet, in principle we agree with the direction but as its current formulation, it seems as if the UE can select any Tx beam without any coordination with the gNB/network.
· If the intention is to say that based on the information received from the network during the initial connection procedure, the UE -based on this information- determines the set of Tx beams to be used, i.e., whether to use same or several Tx beams for multiple PRACH transmissions.
· Regarding the second bullet, in our view, we do not need to have this clarification. Even though we are on the same view that the UE can use several times the same Tx beam for multiple PRACH transmissions, from our perspective, the main bullet already covers it.
· Note 1 is not needed. This can be part of a different discussion and there is no need to point it out in this proposal.
· Note 2 is also not needed. Based on the first bullet where it is up to UE implementation to determine the Tx beams for multiple PRACH transmissions, in our view, it is implicit that the UE is not required to use specific Tx beams, i.e., it has the freedom in its implementation, and therefore, we should remove this Note.

Therefore, based on our comments, we propose to rewrite the proposal as follows:
· Proposal:
It is up to UE implementation to determine whether to use the same or several different Tx beams for each PRACH transmission, subject to information, configuration, etc. received from the network based on the information received from the network.

	Lenovo
	Y in general
	[bookmark: OLE_LINK4]The first sub-bullet is a bit confusing. The main bullet has been for the case “multiple PRACH transmissions with different Tx beams”, while the first sub-bullet is of using “same beam” for the transmission. We can understand the FL purpose but the wording needs polish.

We are supportive to introduce “sub-RO group” kind of idea, so that gNB could assume that same beam is used for the sub-RO group and do the combination. From UE point of view, it can be based on implementation whether to use same or different Tx beams for different sub-RO groups. 

	CATT
	Y
	Support the main bullet and the first sub-bullet.
For the Note1, it’s too restrictive to the UE implementation since the UE shall transmit PRACH following a configured TX beam pattern. Introducing the TX beam pattern/sub-RO groups is too complex. Consider the limited TU, we suggest to treat it as a low priority issue. And there is no need to add a note under this proposal.  
For the Note2, we are ok to keep it to clarify the main bullet.  

	IDC
	Y
	We are fine with the main bullet. For Note 1, we agree that RAN1 needs to discuss the RO sub-grouping for different Tx beams. Note 2 is not very clear to us in the current format.

	DOCOMO
	N
	We are fine with the main bullet, but we don’t agree with the first sub-bullet. In our understanding, if the feature (multiple PRACH transmissions with different beams) is applied, UE should use different TX beams for per transmission. Otherwise, it is not aligned with the WID objective, which clearly states that different TX beams for multiple transmissions. 
Moreover, according to justification part of WID, the intention of the feature is to perform PRACH beam sweeping, which is similar to beam sweeping for beam management. In current specification, for CSI-RS beam sweeping, it is clearly stated that different DL spatial domain filters are assumed by UE.  

	TS 38.214
[bookmark: _Toc27299888][bookmark: _Toc29673294][bookmark: _Toc45810562][bookmark: _Toc20317990][bookmark: _Toc29674287][bookmark: _Toc11352100][bookmark: _Toc202190700][bookmark: _Toc36645517][bookmark: _Toc29673153]5.1.6.1.2	CSI-RS for L1-RSRP and L1-SINR computation
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter.
****************************omitted************************************



Therefore, we think different spatial domain TX filters should be applied for the multiple PRACH transmissions. 

	ZTE
	N
	We support the first sub-bullet.
We have concern about the main bullet. If sub-groups are introduced, the same Tx beam should be maintained within the sub-group. That is, the transmissions need to follow the sub-group division made by the gNB, which essentially means the Tx beam within the group is not fully implemented by the UE. 
We suggest discuss whether sub-groups are needed firstly.

	ITRI
	Y
	Support the proposal except Note 2, which is not clear for us. 

	OPPO
	Y
	In Rel-18, for a UE that can identify the optimal UL Tx beam, it can transmit PRACH with preamble repetition. It’s not enough to transmit PRACH with beam sweeping only. We support UE can use the same Tx beam for multiple PRACH transmissions.

In case UE use the same Tx beam for multiple PRACH transmissions, it’s better for gNB to be aware of which PRACH transmissions are associated with the same beam, in this way, extra detection gain can be achieved by combination at gNB side. Otherwise, gNB cannot process the PRACH reception with combination detection. For the cell edge UE, if gNB cannot determine the RO group associated with same beam, we have concern about the coverage of PRACH transmission with multiple beams while the UE can identify the optimal UL Tx beam still needs to transmit PRACH with repetition. 
Thus, we support introduce sub-RO groups (within which the same Tx beam is used).

	Samsung
	Y for main bullet
	We support the main bullet. Beam determination should be up to UE's implementation. gNB does not have to know how UE determines Tx beams for multiple PRACH transmissions.  

For the first sub-bullet, we do not support. UE should use different Tx beams for multiple PRACH transmissions for beam sweeping. It is still up to UE’s implementation on how to determine the different beams. If UE chooses to use the same beam, UE can use the R18 legacy multiple PRACH transmissions using a single beam.  

For Note 1, the definition of sub-RO group is not clear. To avoid confusion, Note 1 can be removed and may be separately discussed as FL proposed. 

We do not support Note 2 for the same reason as the first sub-bullet. 

	Sharp
	Y/N
	We are fine with the main bullet. However, it is not clear to us whether the first sub-bullet is needed. In our view, there should have clear differentiation between the multiple PRACH transmission with same and different Tx beams as gNB may need to implement different algorithms for these two features at receiver. For multiple PRACH transmission with different Tx beams, energy detection-based algorithm can be applied without non-coherent combining. We suggest removing the first sub-bullet and Note 2. 

	vivo  
	Y
	The spec. only needs to specify which parts of PRACH transmissions are expected to be transmitted with same or different TX beams, though the UE can still apply same TX beam for different transmissions.




FL Observations:
Besides, some companies (Nokia, CEWiT) propose that multiple PRACH transmissions with same Tx beam should be the baseline of that with different Tx beams, which means the support of multiple PRACH transmissions with same Tx beam should be the prerequisite for supporting multiple PRACH transmissions with different Tx beams. However, according to the WID, only when UE can’t fulfil the beam correspondence requirements without Tx beam sweeping, UE will use multiple Tx beams for multiple PRACH transmissions, otherwise UE will use the same Tx beam. Moderator think this issue can be further discussed
Companies are welcomed to provide your comments on whether multiple PRACH transmissions with same Tx beam should be the baseline of multiple PRACH transmissions with different Tx beams in the following table.
	Company
	Comments

	Spreadtrum
	We agree with FL’s assessment. 

	China Telecom
	We don’t think multiple PRACH transmissions with same Tx beam should be the prerequisite for supporting multiple PRACH transmissions with different Tx beams. UE may be designed as can’t fulfil the beam correspondence requirements without Tx beam sweeping, so that the assist information is always needed. In such case, it is reasonable that UE only support  multiple PRACH transmissions with different Tx beams.

	Apple
	We tend to agree that PRACH repetitions with the same Tx beam is the baseline for PRACH transmission with different Tx beams. The reason is from implementation perspective, most of the implementations of the two features are the same, no reason only Rel-20 feature is supported, as UE has no idea which feature is supported by the network. In addition, as discussed in Rel-18, both UE capable and incapable of beamCorrespondenceWithoutUL-BeamSweeping could benefit from PRACH transmission with the different Tx beams. In short, if this is only related to UE implementation, it can be postponed to UE feature discussion.

	Huawei, HiSilicon
	In our view, there is a mismatch between the initial motivation of the discussion, i.e., “the support of multiple PRACH transmissions with same Tx beam should be the prerequisite for supporting multiple PRACH transmissions with different Tx beams”, and the sentence provided by the FL, i.e., whether multiple PRACH transmissions with same Tx beam should be the baseline of multiple PRACH transmissions with different Tx beams.

We are supportive of further discussing on whether we need to have as a pre-requisite the support of single Tx beam in order for the UE to also support the feature of transmitting multiple PRACH transmissions using multiple Tx beams, however, we think that as this point in time, i.e., first meeting, where the details of how to support multiple Tx beams and the baseline procedures are still not in place, it is too early to make a decision or even to have a concrete discussion on this issue.

In our view, this discussion of one feature/mechanism being a pre-requisite for another from is mostly a UE capability discussion which is generally discussed at the end of the release.



	CATT
	Agree with the China Telecom, there is no need to limit the multiple PRACH transmissions with same Tx beam as the baseline of the multiple PRACH transmissions with different Tx beam.

	ZTE
	We think these are two independent features and there should be no dependence relationship between them.   

	OPPO
	In Rel-18, the UE incapable of beamCorrespondenceWithoutUL-BeamSweeping could also transmit PRACH with the same beam, it is not necessary to limit the UE transmit the PRACH always with different beams.
In our understanding, as per the FL proposal 1-1, ‘ It’s up to UE implementation to determine the Tx beams’ means UE can transmit multiple PRACH transmissions with same Tx beam.

	Sharp
	It is too early to discuss this issue. It should be part of UE feature discussions. 

	Tejas Networks
	In our view, we should not constrain the multiple PRACH transmissions using the same Tx beam as the baseline for multiple PRACH transmissions using different Tx beams.


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

	vivo
	[bookmark: _Ref210137003]Proposal 1: Support Type-B PRACH repetition in the same use cases as Type-A PRACH repetition.

	ZTE, Sanechips
	Proposal 2: The following mechanisms specified for Rel-18 PRACH repetition can be reused for Rel-20 PRACH sweeping, 
· Separate UE feature definition,
· SSB-to-RO mapping rule,
· Definition of time period,
· Single RAR reception within a single RAR window,
· PRACH power control. 
Observation 1: For RO grouping rule of PRACH sweeping, it is no longer necessary to restrict a SSB to be associated with identical preamble indexes solely for the purpose of simplifying combination reception. 
Proposal 4: For PRACH sweeping, existing RO grouping rule for PRACH repetition should be revisited for latency reduction, e.g., by allowing ROs within one RO group with different frequency resources, or different preamble indexes associated to the same SSBs.

	Xiaomi
	Proposal 1: For multiple PRACH transmissions with different Tx beams, adopt the same design as defined in Rel-18 for multiple PRACH transmissions with the same Tx beam for the following aspects:
· Framework for gNB configuration and PRACH resource selection
· RO group determination
· PRACH mask index 
· Preamble index
· RAR window

	Nokia
	Proposal 2. Signaling structures of the Rel-18 PRACH repetitions feature should be reused as much as possible. 

	CATT
	Proposal 2: RO group size including {2, 4, 8} could be supported for multiple PRACH transmissions with different Tx beams, and different sizes of RO group should be differentiated by following RACH partitioning methods.
· Different sizes of RO group are transmitted on separate ROs;
· Different sizes of RO group are transmitted with separate preamble on shared ROs.

	OPPO
	Proposal 2: The maximum number of preamble repetitions should be increased for PRACH transmission with different Tx beams.
Proposal 3: Reuse the procedure in Rel-18 to define the valid RO set for multiple PRACH transmissions with different Tx beams.
Proposal 5: At least following options could be considered for the time period definition.
· Option 1: Same definition as Rel-18.
· Option 2: Integer number of association pattern periods.
· Option 3: Integer number of time period defined in Rel-18.

	InterDigital
	Proposal 4: The UE will transmit Msg1 beam sweep repetitions over an RO group, similar to the design in Rel-18.

	China Telecom
	Observation 1: To minimize the specs impact of multiple PRACH transmissions with different TX beams, the definitions and mechanisms specified in Rel-18 for multiple PRACH transmissions with same beam should be reused as much as possible.
Proposal 1: The following definition for multiple PRACH transmissions with same Tx beam in Rel-18 should be reused for that with different Tx beams:
· RO group
· Time period
· Msg1-RepetitionTimeOffsetROGroup (time offset between RO groups) 
Proposal 2: Reuse the following definition/rules for multiple PRACH transmissions with different Tx beams
· SSB-to-RO mapping rule
· Starting position of RAR time window
Proposal 3: For multiple PRACH transmissions with different Tx beams, candidate values for msg1-RepetitionNum-r18 should be {2, 4, 8}.


	Transsion Holdings
	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 3: It is recommended to discuss whether different Tx beams should share the same RO set or be configured with separate RO sets.

	Panasonic
	Proposal 3: 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 4: 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.

	Offino
	Observation 1. Alignment between CBRA and CFRA applicability would ensure consistency with Rel-18 coverage enhancement.
Proposal 1. RAN1 confirms that each PRACH transmission of a multi-beam PRACH set shares the same preamble index, consistent with Rel-18.
Proposal 2. RAN1 confirms that RA-RNTI determination for multi-beam PRACH follows the Rel-18 principle of using the last PRACH occasion.

	ETRI
	[bookmark: _Ref210290692][bookmark: _Ref210290696][bookmark: _Ref210295834]Proposal 3: PRACH transmissions is supported for CFRA and CBRA.
Proposal 4: For RAR monitoring, the RAR window is defined per RO group

	Lenovo
	Proposal 1: Reuse as much as possible the existing solutions specified for PRACH repetition with same beam for PRACH repetition with different beams, including at least repetition number determination, RO determination, time period determination for PRACH repetition.

	Apple
	In other words, dedicated preambles within the shared RO are configured for PRACH transmission with the same Tx beam and with different Tx beams, respectively. Other configuration parameters, such as RO grouping, time period, and repetition levels (i.e., 2, 4, 8), are shared by both features.
Proposal 1: For multiple PRACH transmission with different Tx beams, reusing the Rel-18 multiple PRACH transmission with the same Tx beam rules to determine the RO group and time period for RO groups. 

	Qualcomm
	Proposal 1: For Release 20 Multiple PRACH transmissions with beam sweeping, each PRACH attempt by a UE is limited to no more than 8 transmissions across all beams regardless of the transmit beam
Proposal 2: For Release 20 multiple PRACH transmissions with different transmit beams, reuse the same RO group definition from Release 18, including, the periodicity of the RO groups.
Proposal 6: 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.

	Ericsson
	[bookmark: _Toc210337375]Proposal 4: Discuss whether assigning different preambles to multiple PRACH transmissions with different Tx beams within a single PRACH attempt does not violate Note 5 in the WID, which states that “the procedure for repetitions of a PRACH transmission is as in Rel-18.”
[bookmark: _Toc210337378][bookmark: _Toc210337380]Proposal 7: Conclude that the Rel-17 PRACH transmission power computation can be reused to calculate the transmission power for each PRACH occasion in a PRACH attempt comprising multiple PRACH transmissions with different beams, with PREAMBLE_TRANSMISSION_COUNTER tracking the number of PRACH attempts.
Proposal 9: Support repetition counts of {2, 4, 8} for multiple PRACH transmissions with different Tx beams. FFS: Need for additional higher repetition count candidates.
[bookmark: _Toc210337383]Proposal 12: Support multiple PRACH transmissions with different Tx beams for CFRA. FFS: Additional enhancements for multiple PRACH transmissions with different Tx beams.

	NTT DOCOMO
	Proposal 4: UE monitors single RAR in RAR window which starts after the last RO.

	Sharp
	Proposal 1
· For multiple PRACH transmissions with different Tx beams
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate 1) single PRACH transmissions, 2) multiple PRACH transmissions with same Tx beam, 3) multiple PRACH transmission with different Tx beams, using different PRACH repetition levels.
· At least repetition level of 2 and 4 is supported. FFS: repetition level of 8.
Proposal 2
· For multiple PRACH transmissions with different Tx beams
· The same PRACH preamble is applied during multiple PRACH transmissions.
· The same SSB to RO group mapping for multiple PRACH transmission with same Tx beams is reused. 
· The same Tx power is applied during multiple PRACH transmissions.

	CEWiT
	Proposal 3: Adaptation of all remaining features in Rel-18 PRACH repetition framework need to be carefully studied.
Proposal 6: The determination of RACH occasions can be adapted from Rel-18


FL Observations:
As per Note 5 in WID, multiple PRACH transmission with different Tx beams should reuse the procedure of multiple PRACH transmission with same beam as much as possible. Clarifying what can be reused in Rel-20 is necessary. According to the contributions, the potential procedures and definitions to be reused are listed as follows:
1. Scenarios of multiple PRACH transmissions with different Tx beams: i.e., both CBRA and certain case (ReconfigurationWithSync case) of CFRA.
Supporting companies (4): vivo(?), Offino, ETRI, NTT DOCOMO
2. RO group definition and determination: For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with same one or more SS/PBCH block index(es), and each SS/PBCH block index is associated with same preamble indexes in all valid PRACH occasions within the set.
Supporting companies (10): Xiaomi, OPPO, InterDigital, China Telecom, Offino, Lenovo, Apple, Qualcomm, Sharp, CEWiT
Objecting companies: ZTE, Sanechips (no need to associated with the same SSB)
3. Definition of time period: 
Supporting companies (5): ZTE, Sanechips, OPPO (one of acceptable options), China Telecom, Lenovo, Apple
4. SSB-to-RO mapping rule：as legacy
Supporting companies (3): ZTE, Sanechips, China Telecom, Sharp
5. RAR window: start after the last RO in RO group
Supporting companies (6): ZTE, Sanechips, Xiaomi, China Telecom, Panasonic, ETRI, NTT DOCOMO
6. PRACH power control
Supporting companies (6): ZTE, Sanechips, Ericsson, 
7. Candidate values of repetition times: i.e., {2.4,8}
Supporting companies (6): CATT, China Telecom, Qualcomm(no more than 8), Ericsson, Apple, Sharp (FFS:8)
Objecting companies: OPPO (larger number than 8)
8. Time offset between RO groups (Msg1-RepetitionTimeOffsetROGroup)
Supporting companies: China Telecom
9. RA-RNTI calculation rules:
Supporting companies (2): Panasonic, Offino
10. Not applying PRACH mask:
Supporting companies: Xiaomi
For the RA-RNTI calculation rule, it is associated with the indication methods of UL beam, FL think it can be discussed if it is concluded that RA-RNTI won’t be used for UL beam indication. For the other issues, based on the majority’s view, the following proposals are proposed on which definitions/mechanism of multiple PRACH transmission with same Tx beam can be reused for multiple PRACH transmission with multiple Tx beams.
FL’s Proposal 1-2a:
The multiple PRACH transmission with different Tx beams is supported for both CBRA and ReconfigurationWithSync case in CFRA.
Companies are welcomed to provide your comments on FL’s Proposal 1-2a in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	N
	Msg1 repetition for SI request is missing.

	China Telecom
	Y
	It follows the scenarios agreed in Rel-18 PRACH repetition. 

	Apple
	Y
	Same as Rel-18, CFRA for handover can be supported.

	QC
	
	Reuse same scenarios as R18 PRACH repetition. The use cases are usually determined by RAN2. Not sure if we should agree to anything on the applicability in RAN1.

	Ericsson
	Y
	CFRA can be supported in PRACH repetition in Rel-18.

	Huawei, HiSilicon
	Y
	We are supportive of this proposal.

	Lenovo
	Y
	

	CATT
	Y
	We agree to support CFRA in Rel-20 PRACH repetition. 

	IDC
	Y
	We support the proposal from FL.

	DOCOMO
	Y
	

	ZTE
	Y
	Support.

	ITRI
	Y
	Support the proposal.

	OPPO
	
	Open to discuss the case support multiple PRACH transmission with different Tx beams in CFRA.

	Samsung
	
	Focus on CBRA first, and clear motivations of applying to CFRA is needed. Also as QC points out, RAN2 needs to be involved for the discussions on applying to CFRA. 

	Sharp
	Y
	We are fine with the proposal. 

	ETRI
	Y
	Support the proposal.

	vivo  
	
	PRACH repetition for SI request is also supported in NR Rel-18.
Maybe it’s better to say all use cases (CBRA, CFRA, SI request) considered in NR Rel-18 PRACH repetition are considered for NR Rel-20 PRACH repetition.


FL’s Proposal 1-2b:
Reuse the following definitions and mechanisms in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.
· Definition and determination of RO group
· definition of time period
· SSB-to-RO mapping rule
· Definition of RAR window 
· PRACH power control rule (power ramping is not included)
· Time offset between RO groups
· Note: the terminology RO group stands for the ROs for multiple PRACH transmissions as specified in TS 38.213, i.e., “set consists of  valid PRACH occasions…”.
Companies are welcomed to provide your comments on FL’s Proposal 1-2b in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	It is aligned with Note 5 in WID.

	Apple
	Y
	To reduce the standardization work, Rel-18 defined operation could be reused as much as possible.

	QC
	Y
	Agree.

	Ericsson
	Y
	Support

	Huawei, HiSilicon
	N
	In our view, the RAR window definition and the associated procedures related to it need further discussion, i.e., to use only one RAR window and the definition of the starting point for this RAR window.
Additionally, the mapping of SSB-to-RO mapping rule needs further study and discussion in order to check whether a direct reuse of the existing mechanism using for a single Tx beam can be reuse for the case of multiple Tx beams or if new mapping rules are required.

Therefore, we propose to update the proposal from FL as follows:
FL’s Proposal 1-2b:
Reuse the following definitions and mechanisms in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.
· Definition and determination of RO group
· definition of time period
· SSB-to-RO mapping rule
· Definition of RAR window 
· PRACH power control rule (power ramping is not included)
· Time offset between RO groups
· Note: the terminology RO group stands for the ROs for multiple PRACH transmissions as specified in TS 38.213, i.e., “set consists of  valid PRACH occasions…”.


	Lenovo
	N
	The RAR window may be related with issue 1-5. It can be discussed later.
We are fine with other bullets.

	CATT
	Y
	Support. 
For the time offset between RO groups for multiple PRACH transmissions using different Tx beams, whether it requires separate configuration or should share the same configuration as that for multiple PRACH transmissions using the same Tx beams needs further discussion.

	IDC
	Y
	We support the proposal from FL.

	DOCOMO
	
	It may be a bit too early to conclude that all of above definitions and mechanisms can be reused.

	ZTE
	
	Firstly, we want to clarify that we didn’t think there is no need to associated with the same SSB. What we concerned is the restriction on the same frequency/preamble set of the RO grouping rule.
Secondly, whether to support time offset between RO groups requires further discussion. In our opinion, a conclusion should be reached first on whether the repetition factor is one or multiple, and whether all ROs in one group are required to be occupied, before considering whether to support this offset. 

	ITRI
	Y
	Support.

	OPPO
	
	For the 2nd sub-bullet, we think it is related with FL proposal 1-2c, if the candidate values of repetition times are {2,4,8}, it’s OK to reuse the definition of time period. 
Otherwise, if larger value is supported, e.g. 16, maybe a larger time period needs to be considered to distinguish with the time period in Rel-18.

	Samsung 
	N
	The sub-bullets are related to the RO resource determination except for PRACH power control rule and Definition of RAR window. We think it is better to remove these two sub-bullets to make the proposal cleaner. 

	Sharp
	Y/N
	We are generally fine with the proposal. However, for PRACH control rule, we suggest updating this as “Same Tx power is used during multiple PRACH transmission with different Tx beam”. In this case, power ramping will not be discussed in this proposal. 

	vivo  
	
	Power ramping can also be reused. Spatial domain filter is for the whole PRACH transmission including repetitions when supported in current spec.


FL’s Proposal 1-2c
The candidate values of repetition times for multiple PRACH transmissions with different Tx beams is {2, 4, 8}.
Companies are welcomed to provide your comments on FL’s Proposal 1-2c in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	It is aligned with Note 5 in WID.

	Apple
	Y
	


	QC
	Y
	

	Ericsson 
	Y
	Support

	Huawei, HiSilicon
	
	We would like to ask for clarification on the meaning on repetition time for multiple beams and whether this is the number of repetitions in total or per beam.

	Lenovo
	Y
	

	CATT
	Y
	Support

	IDC
	Y
	We support the proposal from FL.

	DOCOMO
	N
	The max number of PRACH transmissions is dependent on the max number of TX beams that UE can sweep. We support {2,4} and we think the value 8 should be further discussed.

	ZTE
	
	We suggest single repetition time to be defined.
Firstly, single time can avoid the selection between multiple times and the fallback issues, significantly simplify the process of multiple PRACH transmissions with different beams. Additionally, as FL’s assessment that the Repetition times of multiple PRACH transmissions with different Tx beams is the maximum Tx beams can be used by UE but not the number of Tx beams are used, single time is adequate to define the maximum Tx beams can be used by UE.

	ITRI
	Y
	Support.

	OPPO
	Y
	

	Samsung
	Y
	

	Sharp
	N
	Same view with DOCOMO. We can agree on value of 2 and 4. If we consider using narrow Tx beam for beam sweeping for multiple PRACH transmissions, we think 2 and 4 are sufficient to cover the wide beam used for the associated SSB transmission. It is not clear to us whether 8 different Tx beams are necessary. We suggest to put 8 as FFS unless we can identify appropriate scenarios for multiple PRACH transmission with different Tx beam. 

	Tejas Networks
	Y
	Support

	vivo  
	Y
	


FL’s Proposal 1-2d:
PRACH mask is not supported for multiple PRACH transmissions with different Tx beams in 5G-A Rel-20.
Companies are welcomed to provide your comments on FL’s Proposal 1-2d in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	It is aligned with Note 5 in WID.

	Apple
	Y
	The simliar behaviour as Rel-18 is preferred.

	QC
	Y
	

	Ericsson
	Y
	Support

	Huawei, HiSilicon
	N
	Too early to decide on this proposal. We first need to decide on the baseline of the multiple PRACH transmissions with different Tx beams operation and preambles.

A PRACH mask is typical linked with a particular preamble assigned from the network to the UE and we are still deciding on the definition of the preambles (see Proposal 1.3), so we think we can postpone this discussion to when we have a clear view.

	Lenovo
	Y
	

	CATT
	Y
	Support

	DOCOMO
	N
	The intention of the proposal is not clear to us. 

	ZTE
	Y
	Support.

	ITRI
	Y
	Support

	OPPO
	Y
	

	Samsung
	
	The definition of the PRACH mask is not clear and needs further clarification.  

	Sharp
	Y
	We are fine with the proposal. However, it seems too early to discuss feature related proposal in the first meeting. 

	vivo  
	
	Do we need this proposal? PRACH mask is not considered for legacy anyway. No spec. updates expected here.



Issue#1-3: Differentiation of PRACH resources
Companies’ views on Issue#1-3 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 3: To differentiate the different Tx beam with the same Tx beam within PRACH repetition and PRACH without repetition, support both of Configuration 1 and Configuration 2 by reusing Rel-17 framework of feature combination (FeatureCombination-r17).

	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.

	Huawei, Hisilicon
	[bookmark: _Ref209780261][bookmark: _Hlk209979984]Proposal 2: Support separate RACH Occasion (RO) solutions and separate preamble solutions to differentiate multiple transmissions with different Tx beams from the case where multiple PRACH transmissions are transmitted using the same Tx beam.

	Xiaomi
	Proposal 2: Configure independent PRACH resources for two features of “same Tx beam” and “different Tx beams”. The UE’s selection between the two features when both are enabled is up to RAN2’s decision.

	Nokia
	Proposal 1. Reserved preambles and/or ROs are configured for PRACH repetitions with different Tx beams
Proposal 2. Signaling structures of the Rel-18 PRACH repetitions feature should be reused as much as possible.

	CATT
	Proposal 1: Multiple PRACH transmissions with different Tx beams should be introduced as a new UE feature for early identification.
Proposal 2: RO group size including {2, 4, 8} could be supported for multiple PRACH transmissions with different Tx beams, and different sizes of RO group should be differentiated by following RACH partitioning methods.
· Different sizes of RO group are transmitted on separate ROs;
· Different sizes of RO group are transmitted with separate preamble on shared ROs.

	InterDigital
	Proposal 1: Support network providing the configuration for the RACH partition intended for Msg1 sweep.
Proposal 2: Support the RACH partition for Msg1 beam sweep different from the RACH partition for Msg1 repetitions with a single beam.

	Samsung
	Network needs to differentiate the transmission mode (i.e., using the same or different UL Tx beams) that UE uses for the preamble repetitions in order to decide for combined detection or individual detection.
Network configures separate RACH resources e.g., ROs and/or preambles for different transmission modes (i.e., same or different Tx beam) UE uses for the preamble repetition. 

	China Telecom
	Proposal 4: Adopting feature combination framework to realize the corresponding PRACH resource partitioning for PRACH transmissions with different Tx beams for UE. 

	TCL
	Proposal 2: RACH preambles can be used to notify the gNB that the UE used multiple PRACH transmissions with different beams. 

	Lenovo
	Proposal 2: Dedicated ROs and/or preambles can be provided to UEs for PRACH repetition with different beams.
Proposal 3: To configure dedicated ROs/preambles, RAN1 to discuss whether to introduce a new feature for PRACH repetition with different beams or reuse the legacy feature “msg1-Repetitions” for RACH resource configuration. 

	Denso
	Proposal 1:	Support differentiation of PRACH resources between PRACH repetition with different beams and PRACH repetition with same beams.
· PRACH resources can be differentiated by ROs and/or PRACH preambles

	Apple
	Proposal 2: If both multiple PRACH transmission with same Tx beam and different Tx beams are configured. Only the share RO resources is supported with dedicated configured preambles for each feature.

	Qualcomm
	Proposal 5: Different combinations of beam sweeping and beam repetition within an RO group are separated via preamble partitioning.

	Ericsson
	[bookmark: _Toc210337367][bookmark: _Toc208580106]Proposal 1: Down select between the following Option 1 and Option 2 as the starting point for defining the procedure for multiple PRACH transmissions using different Tx beams:
· [bookmark: _Toc208580109][bookmark: _Toc210337368]Option 1: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is not supported.
· [bookmark: _Toc210337369][bookmark: _Toc208580110]Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
· [bookmark: _Toc210337370][bookmark: _Toc208580111]Option 2: Multiple PRACH transmission with different Tx beams is supported. PRACH resources differentiation between multiple PRACH transmissions with different Tx beams and multiple PRACH transmissions with same Tx beam is supported.
· [bookmark: _Toc208580112][bookmark: _Toc210337371][bookmark: _Toc208580113][bookmark: _Toc210337372]FFS: whether/how to indicate best UL beam based on multiple PRACH transmissions for the subsequent UL transmissions.
· Note: If multiple PRACH transmission with different Tx beams is supported, the mechanism defined for multiple PRACH transmissions with the same beam should be reused as much as possible.
[bookmark: _Toc210337376]Proposal 5: Discuss methods to differentiate multiple PRACH transmissions with different Tx beams and with the same Tx beam, including using different preambles across beams, by allocating distinct PRACH resources (either via separate preambles within shared occasions or via additional occasions), or configuring different PRACH occasions in a valid set of PRACH occasions.


	NTT DOCOMO
	Proposal 2: Support separate PRACH resource configurations for multiple PRACH transmissions with different beams, PRACH repetitions with same beam, and single PRACH transmission.

	Sharp
	Proposal 1
· For multiple PRACH transmissions with different Tx beams
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate 1) single PRACH transmissions, 2) multiple PRACH transmissions with same Tx beam, 3) multiple PRACH transmission with different Tx beams, using different PRACH repetition levels.
· At least repetition level of 2 and 4 is supported. FFS: repetition level of 8.


FL Observations:
Most companies (Spreadtrum, UNISOC, Huawei, Hisilicon, Xiaomi, Nokia, CATT, InterDigital, Samsung, China Telecom, TCL, Lenovo, Denso, Apple Qualcomm, NTT DOCOMO, Sharp) agree that multiple PRACH transmissions with different Tx beams should be differentiated with multiple PRACH transmissions with same Tx beam using separate preambles/ROs, which can be achieved by PRACH partitioning methods based on feature combination framework as specified in Rel-18. 
And proposed by Apple, when both multiple PRACH transmissions with same Tx beam and different Tx beams are configured, to reduce the resources configured for PRACH transmissions, only shared RO resources with separate preambles should be configured. However, FL think it is not an essential issue for specifying the differentiation mechanism and not mentioned by other companies. Thus, FL would like to treat this issue with low priority. 
FL’s Proposal 1-3:
Support to use separate ROs or separate preambles on shared RO to differentiate multiple PRACH transmissions with same Tx beam and different Tx beams.
· Details can be decided by RAN2
Companies are welcomed to provide your comments on FL’s Proposal 1-3 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	China Telecom
	Y
	

	Apple
	Y
	

	QC
	Y
	

	Ericsson
	N
	We acknowledge the majority view supporting the use of separate ROs or separate preambles on a shared RO for differentiation. However, we would like to first discuss whether such differentiation can be achieved by using different preambles across ROs for multiple PRACH transmissions employing different Tx beams. The underlying idea is that multiple PRACH transmissions with the same and different Tx beams share the same RACH resources, including the preambles, where transmissions with the same Tx beam use the same preamble within one RACH attempt, while transmissions with different Tx beams use distinct preambles within the same RACH attempt. This approach can offer several advantages:
I. avoid further partitioning of RACH resources, noting that partitioning would otherwise be required not only to distinguish same-beam and different-beam transmissions but also to handle different repetition counts with different Tx beams,
II.  enable the network to directly identify which PRACH transmissions correspond to the same or different Tx beams, thereby removing the need for sub-ROs as highlighted by QC in Proposal 1-1, and,
III.  allow the indication of the best UL beam through the RAPID in the RAR, simplifying the procedure. 
We would like to hear views from other companies on this approach.

	Huawei, HiSilicon
	Y with modification
	We are in general supportive of this proposal. However, we do not think that we need to explicitly state the coordination with RAN2 (this is business as usual) and we provide a minor modification to the main bullet, as follows:

FL’s Proposal 1-3:
Support to use separate ROs and/or separate preambles on shared RO to differentiate multiple PRACH transmissions with same Tx beam and different Tx beams.
· Details can be decided by RAN2

Moreover, we think that we need to discuss within the RAN1 WG the details that will be handle by RAN1 and which ones are out the scope of the RAN1 WG.

	Lenovo
	Y
	

	CATT
	Y
	

	IDC
	Y 
	We support the proposal from FL.

	DOCOMO
	Y
	

	ZTE
	Y
	Support.

	ITRI
	Y
	

	OPPO
	Y
	

	Samsung 
	Y
	

	Sharp
	Y
	We are fine with the proposal. We would also like to check whether separate PRACH resources are needed for multiple PRACH transmissions with different Tx beams using different repetition levels, similar to what was defined for multiple PRACH transmissions with same Tx beams in Rel-18. 

	vivo  
	
	Before agreeing on this proposal, it needs to be clarified whether a separate feature is assumed for R20 PRACH repetition compared to R18 PRACH repetition. In our understanding, if we treat R20 PRACH repetition is just a set of PRACH resource with an indication of supporting different TX beam transmission, it would be enough. And Such PRACH resource is still separate PRACH resource without introducing separate features, which is similar to what we did for PRACH repetition with different repetition numbers.
We can add a note to make this clear, which could be:
Note: FFS whether R20 PRACH repetition with separate PRACH resource is a separate or same feature compared to R18 PRACH repetition.


Issue#1-4: Criteria of determination of repetition times for Multiple PRACH transmissions with different Tx beams 
Companies’ views on Issue#1-4 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 2: For RSPR thresholds configuration of PRACH repetition, two alternatives can be considered.
· Alt1: Same RSRP thresholds as same Tx beams of PRACH repetitions
· Alt2: Separate RSRP thresholds for PRACH repetition with different Tx beams 

	vivo
	[bookmark: _Ref142035928]Observation 9: Better coverage is required for selection Type-B PRACH repetition compared to Type-A PRACH repetition.
[bookmark: _Ref141372463][bookmark: _Ref210141294]Proposal 6: The RSRP of downlink pathloss reference should be no less than an RSRP threshold so that a Type-B PRACH repetition can be selected for a given repetition number.

	ZTE, Sanechips
	Proposal 3: An RSRP-threshold can be considered as a factor for triggering PRACH sweeping, 
· FFS: Whether the existing RSRP-Threshold configured for PRACH repetition can be reused for PRACH sweeping.

	Huawei, Hisilicon
	[bookmark: _Ref208946068]Proposal 10: 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.
· FFS: details on how to determine the values of the SSB-RSRP threshold(s).

	CATT
	Proposal 3: Further study whether to introduce separate RSRP thresholds for PRACH transmissions with different Tx beams to determine the size of RO group and select reference signal.

	InterDigital
	Proposal 3: Introduce conditions for a UE to select the number of repetitions/beams for Msg1 transmission, e.g., based upon received signal strength and degree of misalignment for UE UL beam, etc.

	Samsung
	Observation2: The instability of the UL Tx beam sweep gain makes the legacy RSRP-threshold-based method unsuitable for determining the preamble repetition number. 
Proposal 2: Rather than the legacy RSRP-threshold-based criteria, RAN1 studies a new criterion for preamble repetition number determination, e.g., considering the number of supported UL Tx beams. 

	ETRI
	[bookmark: _Ref210290654]Proposal 2: Discuss whether to introduce additional SSB-RSRP thresholds for PRACH transmission purpose.

	Lenovo
	Proposal 1: Reuse as much as possible the existing solutions specified for PRACH repetition with same beam for PRACH repetition with different beams, including at least repetition number determination, RO determination, time period determination for PRACH repetition.

	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 limited to cell-edge UEs.

	Ericsson
	[bookmark: _Toc210337381]Proposal 10: Support configuring SSB-RSRP thresholds for each candidate repetition count to determine the number of PRACH transmissions during CBRA.

	CEWiT
	Proposal 2: RSRP threshold based PRACH repetitions should not be supported in Rel-20 PRACH repetitions.
Proposal 5: UE identifies the number of PRACH repetitions based on the available UL Tx beams


FL Observations:
In Rel-18, for multiple PRACH transmissions with same Tx beam, RSPR based method is used to determine the number of PRACH transmissions for the first RACH attempt. For the repetition determination of multiple PRACH transmissions with different Tx beams, the opinions of companies are summarized as follows,
1. Reuse the RSRP based method
Supporting companies (11): Spreadtrum, UNISOC, vivo, ZTE, Sanechips, Huawei, Hisilicon, CATT, ETRI, Lenovo, Ericsson
2. Introducing a new determination criterion considering the number of UL beams UE supporting
	Supporting companies (4): InterDigital, Samsung, Qualcomm, CEWiT
More companies prefer to reuse the RSRP based method, while most of which it is necessary to discuss whether a new RSRP threshold should be specified, since the gNB may not be able to combine the measurements of multiple PRACH transmissions with Tx beams. 
However, on the one hand, the UL Tx beam sweeping gain can be instable due to the different times of using different Tx beams; on the other hand, the cell-center UEs can’t fulfill the correspondence requirement and also want to adopt the multiple PRACH transmissions with different Tx beams, where RSRP is not the key issue to determine the times of repetition. Thus, some companies propose to introduce a new determination criterion at least in addition to RSRP-based criterion. 
Based on the above observation, the following proposal is provided for further discussion.  
FL’s Proposal 1-4:
For the determination of repetition times for multiple PRACH transmissions with same Tx beam, down-select from the following two options
· Option 1: Reuse the RSRP-based method of multiple PRACH transmissions with same Tx beam in Rel-18.
· FFS: define new RSRP threshold(s) for different times of repetition.
· Option 2: Introduce a new criterion, e.g., considering the number of Tx beams UE supported.

Companies are welcomed to provide your comments on FL’s Proposal 1-4 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	We support Option1. And not clear on Option2, a new criterion only or work on top of RSRP in Option1?

	China Telecom
	Y
	We support Option 1. For Option 2, we are open to discuss it if it is on top of Option1 and majority support it. 

	Apple
	Y
	Prefer Option1. 

	QC
	Y/N
	More discussion may be necessary. The existing RSRP thresholds may not be relevant when UE decides to sweep beams.

At least for the case when the UE uses X beams over X ROs, no restrictions should apply.

	Ericsson
	Y
	Similar view as China Telecom. Option 2 can be considered in addition to Option 1. Option 2 may also be UE implementation-specific, where the UE uses RSRP threshold(s) to determine the need for repetition (or to make an initial estimation of the number of repetitions) and can take into account its supported number of beams when selecting the final indication for the number of repetitions.

	Huawei, HiSilicon
	Y
	We are supportive of this direction and we can accept this proposal at this point in time. Nevertheless, we want to highlight that are preferred solution is to move forward with Option 1 and to re-use the RSRP method while studying the details later. If during the meeting is possible, we would prefer to down-select in this meeting to support only Option 1 and in upcoming meetings focus on the details about the RSRP thresholds.

Additionally, we would like to clarification whether the intention of the proposal in the main bullet is say “different Tx beam” rather than “same Tx beam”.

In any case, we propose to rewrite the main bullet as:
FL’s Proposal 1-4:
For the determination of repetition times for multiple PRACH transmissions per with same Tx beam, down-select from the following two options
· Option 1: Reuse the RSRP-based method of multiple PRACH transmissions with same Tx beam in Rel-18.
· FFS: define new RSRP threshold(s) for different times of repetition.
· Option 2: Introduce a new criterion, e.g., considering the number of Tx beams UE supported.



	Lenovo
	Y
	Prefer Option1. We also support to define new RSRP thresholds for different times of repetitions.  

	CATT
	Y
	We support Option1. 
For option2, the new criterion in addition to RSRP-based method is unclear for us. It requires further clarification.  

	IDC
	Y
	We support Option 1. We think that Option 2 needs investigation as the core issue here stems from the beam correspondence.


	DOCOMO
	Option 2
	According to the justification of the WID, whether PRACH beam sweeping is needed or not is dependent on whether UE can achieve beam correspondence without TX beam sweeping. Therefore, the criteria for PRACH beam sweeping should be based on UE beam correspondence capability. And the number of PRACH transmissions should depend on the UE beam sweeping capability, i.e. supported number of TX beams.

	ZTE
	
	We generally support the proposal.
In the main bullet, there is a typo that should be multiple PRACH transmissions with same different Tx beam, .
For Option 1, there are two candidate method to define the RSRP threshold, Alt 1 can be defining new RSRP threshold for Rel-20 multiple PRACH transmissions. Alt 2 can be defining RSRP threshold for Rel-20 multiple PRACH transmissions based on the RSRP threshold of Rel-18 multiple PRACH transmissions with same beam for overhead reduction. Therefore, we suggest update the FFS under Option 1 to FFS: How to define the RSRP threshold.

	ITRI
	
	Share same view as DOCOMO, the number of PRACH transmissions should consider the UE's beam sweeping capability.

	OPPO
	
	In Rel-18, the repetition times determined based on the RSRP is for the same beam. However, if we reuse the RSRP-based method to determine the repetition times, and it is also up to UE to determine the Tx beams. The repetition times is for same beam or for the totally transmission? 
· We are OK for same beam, in this case, it can ensure the coverage performance. For example, for two UE in the same location, UE1 capable while UE2 incapable of beamCorrespondenceWithoutUL-BeamSweeping. If the repetition times determined based on the RSRP is 4. UE1 can transmit PRACH with the optimal Tx beam (e.g. beam1), while UE2 needs to transmit PRACH with the different beams, e.g. beam1 and beam2. In order to ensure the coverage performance, the number of repetition for each beam should be 4, i.e. beam 1 with 4 repetitions and beam 2 also with 4 repetitions.
· If the repetition times is for totally repetition, considering the similar example, UE1 transmit the PRACH with beam1, i.e., {beam1, beam1, beam1, beam1}. However, UE2 transmit the PRACH with 4 beams, e.g. {beam1, beam2, beam3, beam4}, beam1 is the optimal Tx beam. We think the coverage performance of UE1 and UE2 is different.
For option 1, we suggest to clarify the repetition times determined based on RSRP is for same beam or totally transmission.
For option 2, we are OK to introduce a new criterion to consider the number of Tx. In our understanding, the number of totally PRACH transmission, the number of Tx beams, and the number of valid RO associated with same beam needs to be considered.


	Samsung
	
	We prefer option 2. The exiting RSRP threshold method may not work for UL beam sweep since beam sweeping gain is not as stable as the single beam repetition. Besides, UEs that are incapable of beam correspondence may still need UL beam sweep regardless of the RSRP condition.

	Sharp
	Y/N
	We need to understand better on the Option 2, as the number of Tx beams can be up to UE implementation. It is unclear to us how this can be used to determine the number of repetitions for multiple PRACH transmissions with different Tx beams. Will this be designed based on UE capability? 

	vivo  
	
	Main text says “same TX beam”, is it a typo? This is R20.
Option 2 discussion is not necessary as long as the TX beam is up to UE. A UE can perform PRACH transmission with same TX beam for R20 PRACH repetition when it can not perform PRACH repetition with multiple TX beams.
Option 1 has issue on PRACH coverage itself. When UE selects PRACh repetition with different beams instead of selecting R18 repetition, UE coverage should be not too worse, RSRP can not be lower than a smaller RSRP threshold.



Issue#1-5: Indication of UL beam information to UE
Companies’ views on Issue#1-5 can be found as follows.
	Company
	Proposals

	Spreadtrum, UNISOC
	Proposal 4: A fixed bits length in FDRA field in RAR grant is used to indicate application beam of MSG3 PUSCH initial transmission.
[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.
[bookmark: OLE_LINK1][bookmark: OLE_LINK7]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.

	vivo
	[bookmark: _Ref209729513]Observation 3: Assistant information format depends on the candidate number of TX beams enabled by network independent of the number of PRACH repetitions, as well as the maximum number of TX beams supported by UE.
[bookmark: _Ref209729556]Proposal 3: RAN1 to discuss the candidate number of TX beams in Type-B PRACH repetition.
[bookmark: _Ref209729529]Observation 4: Additional RO timing information indication is needed if the assistant information is implicitly indicated via RA-RNTI.
[bookmark: _Ref209729534]Observation 5: For assistant information indication in RAR, no reserved bits are available in existing MAC PDU of RAR, and repurpose of existing fields of existing RAR or introducing additional fields in a new RAR format is needed.
[bookmark: _Ref209729561]Proposal 4: RAN1 to discuss the pros and cons of assistant information indication via RA-RNTI or explicit signaling in RAR.
[bookmark: _Ref209729566]Proposal 5: RAN1 to discuss whether and how assistant information would be used by UE for UL transmission after successful reception of RAR, and its specification impacts if any.

	ZTE, Sanechips
	Proposal 7: Regarding indication of UL beam information, the following options can be considered, 
· Option 1: Implicitly indicated by RA-RNTI;
· Option 2: Explicitly indicated via MAC RAR, e.g., re-interpretation of existing information field in RAR UL grant.
· FFS: Potential impact on combined operation of Msg3 PUSCH repetition and PRACH sweeping. 

	Huawei, Hisilicon
	[bookmark: _Ref209780266]Proposal 1: The gNB indicates to the UE the best beam to be used by the UE for multiple PRACH transmissions based on the previous received PRACH transmissions using multiple beams.
FFS: Details on how the best beam is indicated to the UE by the gNB when transmitting PRACH using multiple Tx beams.
Proposal 6: The gNB indicates to the UE the best beam to be used by the UE for multiple PRACH transmissions based on the previous received PRACH transmissions using multiple beams.
· [bookmark: _Hlk210057649]FFS: Details on how the best beam is indicated to the UE by the gNB when transmitting PRACH using multiple Tx beams.

	Xiaomi
	The gNB could indicate the best one or more UL Tx beams via Msg2, e.g., through at least one of the following solutions:
· MAC CE
· Reserved bits in the RAR PDU, or
· Reinterpretation of existing bits in the RAR UL grant
· Other solutions are not to be precluded
UL Tx beam determination for Msg3
· In our view, when the UE receives a Msg2 containing an indication of the recommended UL Tx beam, whether the UE follows this gNB-indicated beam for Msg3 PUSCH transmission should be left to UE implementation
Proposal 3: For multiple PRACH transmissions with different Tx beams, (re-)consider the following items for further discussion:
· Maximum number of PRACH transmissions
· UL Tx beam indication mechanism
· UL Tx beam determination for subsequent uplink transmissions

	Tejas
	[bookmark: _Hlk209736581][bookmark: _Hlk210156922]Observation 1: To enhance the performance of subsequent UL transmissions (Msg3 transmission) through beam refinement, the gNB must assess the quality of PRACH transmissions across multiple beams and indicate the most suitable beam to the UEs thereby improving UL coverage.
Proposal 1: Multiple PRACH transmissions with different Tx beams should be enabled for 4-step RACH procedure, to assist UE decision on beam selection for subsequent UL transmissions.

	Nokia
	Proposal 4. UL beam information is received by the UE via Msg2.

	CATT
	Proposal 4: UL beam information can be provided by the RO index within a RO group (i.e. Option 1). 
· FFS indicated by the reserved bits in DCI format 1_0 scrambled by RA-RNTI or carried in RAR.

	OPPO
	Proposal 6: For the beam information indication, following can be considered.
· Explicitly indication, e.g., indicating a specific Tx beam.
· Implicitly indication, e.g., indicating an RO resource, which is associated with one Tx beam.
Proposal 8: The following options can be considered for carrying the beam indication information.
· Option 1: The field in DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI.
· Option 2: The RA-RNTI used to scramble the CRC for DCI format 1_0.
· Option 3: The field in RAR UL grant.
· Option 4: The field in DCI format 0_0 with CRC scrambled by the TC-RNTI.

	LGE
	Observation 2: If gNB indicates the sub-group index of RACH occasion to the UE, the UE can then infer that the Tx beam used for PRACH transmission within that sub-group corresponds to a favorable UL channel condition, and use the same Tx beam for subsequent Msg3 PUSCH transmission.
Proposal 3: Indicate the sub-group index of RACH occasion to the UE.
Observation 3: In scenarios where the gNB successfully detects PRACH preambles from multiple sub-groups, it is necessary to determine whether the gNB should indicate only one sub-group index or multiple indices to the UE. Indicating a single sub-group index simplifies system design and signaling procedures.
Proposal 4: Decide whether gNB should indicate only one sub-group index or multiple indices to the UE.  
Proposal 5: Discuss following methods to decide how the gNB can convey UE Tx beam-related index information to the UE 
· Explicit indication via UL grant in RAR/DCI (e.g., MCS, TPC, CSI request field) 
· Implicit indication via existing UL grant fields (e.g., TDRA)
· Indication via RA-RNTI association (e.g., multiple RA-RNTI)
Proposal 6: 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.

	Transsion Holdings
	Proposal 4: It is recommended that UL beam indication could be carried by RAR PDSCH, RA-RNTI scrambled PDCCH, or other appropriate methods.

	InterDigital
	Proposal 5: Support beam indication (e.g., among the beams swept for msg1) in msg2 for the subsequent RACH operations and UE transmissions. 

	Samsung
	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 3: -RAN1 to clarify whether the scope of beam information is limited to single beam or multiple beams. 
Proposal 4: The network provides RO (index) within the RO set as beam information to UE to assist the UE decision on UL Tx beam selection.

	TCL
	Proposal 1: The maximum number of Tx beams for multiple PRACH transmissions need to be studied. 
Proposal 3: A field within the DCI scheduling the RAR can serve as an indicator for the Tx beam. 

	China Telecom
	Observation 4: If RA-RNTI is used for indicating UL beam to UE when multiple PRACH transmissions is with different Tx beams, the RA-RNTI should be associated with the valid PRACH occasion selected by gNB with the best measurement results in the set of PRACH occasions.
Observation 5: 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 6: Introducing a new field in MAC RAR to indicate the UL beam may cause a waste of bits and too much spec. impact.
Observation 7: The 1-bit in CSI request field, X 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 8: Using one or more of the following methods to indicate the UL beam to assist UE selecting Msg3 beam.
· Opt. 1: RA-RNTI 
· Opt. 2: Repurpose one or more existing fields in MAC RAR

	KT
	Proposal 3: RA-RNTI for the RAR for the multiple PRACH transmissions with different Tx beams is determined from the RO with the last in time, the topmost in frequency in the RO group for the multiple PRACH transmissions.
Proposal 4: PREAMBLE_INDEX of the RAR for the multiple PRACH transmissions with different Tx beams indicates the index of the PRACH preamble with the best beam.

	Panasonic
	Proposal 6: Support to provide UL beam indication for Msg3 PUSCH transmission.
· FFS: Details on signalling of the UL beam indication.

	Offino
	Proposal 3. It is proposed that RAN1 consider the option for RAR to indicate one PRACH occasion within the set, enabling the UE to infer the corresponding Tx beam.
Proposal 4. It is proposed that RAN1 discusses 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.

	ETRI
	[bookmark: _Ref210290702]Proposal 5: Beam information is included the RAR MAC PDU.
[bookmark: _Ref210290706]Proposal 6: Beam information is included in a partitioned field in RAR UL grant 
[bookmark: _Ref210290711]Proposal 7: Addition of new RA-RNTI for multiple PRACH transmissions with different Tx beam outside the legacy range of RA-RNTI and MSGB-RNTI.
[bookmark: _Ref210290714]Proposal 8: Addition of new RA-RNTI which can indicate beam information.

	Lenovo
	Proposal 5: Following two methods could be considered for indicating the Tx beam for Msg 3:
· Method 1: Using RA-RNTI to indicate the best beam for Msg 3. Different RA-RNTIs corresponds to different Tx beams for Msg 3 
· Method 2: Using the RAR to indicate the best beam for Msg 3, including RAR DCI or RAR itself.

	DENSO
	Proposal 2:	For beam indication for Msg3 transmission, the following methods can be considered:
· Option 1: Implicit indication using RA-RNTI
· Option 2: Explicit indication using a dedicated field in RAR
Proposal 3:	RAN1 to discuss whether to support beam indication via DCI 0_0 with TC-RNTI for Msg3 retransmission.

	Apple
	Proposal 4: Determine the best UL Tx beam via the RA-RNTI. UE attempts to detect a DCI format 1_0 with CRC scrambled with different RA-RNTIs derived from the ROs in the RO group.

	Qualcomm
	Proposal 7: Discuss the contents of beam indication in MSG2 upon Tx. beam sweeping in MSG1.
Proposal 8: For multiple PRACH transmissions with different Tx beams, support beam indication in the MAC-CE of MSG2.
· FFS: Use existing MAC-CE or define a new MAC-CE.

	Ericsson
	[bookmark: _Toc210337377]Proposal 5: Discuss methods for indicating the best UL beam for subsequent UL transmissions, including use of RA-RNTI or the RAPID field in the RAR (when different preambles are used across multiple PRACH transmissions with different Tx beams), where in all cases the method corresponds to the PRACH occasion with the highest SNR.


	NTT DOCOMO
	Proposal 4: One or multiple candidate values for the number of beams are configured by SIB/RRC. UE determines one value based on TX beam sweeping capability.
Proposal 5: For multiple PRACH transmissions with different beams, Msg 3 TX beam is explicitly indicated by a new field in RAR.
· 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. 

	Sharp
	To indicate the identified Tx beams for Msg3 transmission, several options can be considered as follows:
· Option 1: explicit indication of the selected Tx beams for Msg3 transmission in the RAR
· Option 2: implicit indication of the selected Tx beams for Msg3 transmission by extending Type1-PDCCH CSS set
Proposal 3
· RAN1 to study the solution to indicate the selected Tx beam for Msg3 transmission. 

	ASUSTek
	Proposal 1: RAN1 study following aspects for Msg1 repetition with different TX beams:
(4) How gNB provides the UL beam information (e.g., via PDCCH or RAR)
(6) Study the number of TX beams indicated in UL beam information.


FL Observations:
Companies (vivo, LGE, Samsung, TCL, ASUSTek) proposed that more than 1 UL beams can be considered being indicated to UE, so that UE will have more flexibility for Msg3 beam selection. However, such indication will increase the overhead for indication. Besides, companies (vivo, Xiaomi, Offino) proposed that whether/how the indicated UL beam information used by UE should be discussed. 
From the perspective of FL, as per the objective in WID, UE may receive UL beam information, which is to assist UE decision of Msg3 beam selection. If no such information indicated to UE, for the UE can’t fulfill the correspondence requirement, there will still be obstacles for successful RA. However, it is up to UE’s implementation whether/how to use the indicated beam information regardless how many UL beams are indicated. 
FL’s Proposal 1-5a:
Support indicating up to X(X>=1) UL beam(s) UE for assisting Msg3 beam selection.
· It is up to UE’s implementation on how to use the received UL beam information.
· FFS: value of X
Companies are welcomed to provide your comments on FL’s Proposal 1-5a and preference on whether to indicate more than 1 UL beams to UE in the following table.
	Company
	Y/N
	Comments and preference

	Spreadtrum
	N
	We think one UL beam is enough for MSG3, and do not understand why multiple beams are indicated. 

	China Telecom
	Y
	X =1 is enough. Indicating the best UL beam is enough, there is no need to make the indication so complex. 

	Apple
	N
	Anyway, UE will transmit the Msg3 PUSCH with one beam, indicating multiple best UL beam makes no sense.

	QC
	Y
	

	Ericsson
	Y
	We believe that indicating the best UL beam should be sufficient to assist the UE in selecting the UL beam for subsequent uplink transmissions. This approach also helps to further limit the overhead associated with beam indication.

	Huawei, HiSilicon
	N
	In our view, this proposal is either not needed or at least needs further clarification on its intention.

Our argument is that if the UE will nevertheless decide by itself how to use the UL beam information, why does the network need to send signalling to the UE indicating several UL beams. It is unclear whether sending multiple Tx beams will increase the performance. 

Additionally, in our view, sending several UL beams will increase the signalling overload without a clear benefit for the overall performance,

We propose to limit the UL beam information only to 1 beam. Therefore, X = 1

	Lenovo
	N
	X=1 is enough. 

	CATT
	Y 
	We share similar with as China Telecom. X=1 is sufficient. 

	IDC
	Y
	We support the main bullet. On the use of beam for Msg3, probably some discussion is  needed how to make use of the beam indication at the UE.

	DOCOMO
	N
	The intention of PRACH beam sweeping is to find out the best UL beam for Msg 3. One beam to be indicated is enough.

	ZTE
	N
	We can’t see the motivation to indicate more than one UL beam for supplementary UL transmission. Furthermore, it cause more signaling overhead.

	ITRI
	N
	X=1 is enough.

	OPPO
	
	Support the intention of FL, i.e., discuss the maximum number of UL beams associated with the beam indication information.
In our understanding, the content of beam indication information may be the beam(s) or other information associated with beam(s), e.g. the RO resource. For the main bullet, we suggest following modification:
Support indicating up to X(X>=1) UL beam(s) determined based on beam indication information UE for assisting Msg3 beam selection.

	Samsung
	Y for main bullet
	For the main bullet, we are open to discussion on whether to support one or multiple UL beams. Supporting indication of multiple UL beam is beneficial for UE to be flexible about the UL beam choice for msg3 beam selection. 

We do not support the first sub-bullet. We think UE shall use the indicated beam for msg3 beam selection. It is not reasonable that it’s still UE’s implementation if gNB already provides the beam information based on the UL beam sweeping. We suggest the first sub-bullet is changed to the following

· UE shall use the UL beam indication to determine the UL beam for Msg3. 
· If X=1, UE shall use the indicated UL beam for Msg3
· If X>1, FFS: how UE selects one from the indicated UL beams for Msg3

	Sharp
	
	Based on the main bullet, does this imply that explicit indication is supported for Msg3 Tx beam? Our understanding is that different options including explicit indication or implicit determination need further discussion. 

We are fine with the sub-bullet “It is up to UE’s implementation on how to use the received UL beam information”. 

	Tejas Networks
	Y
	We share similar view as China Telecom. X=1 is sufficient.

	vivo  
	Y
	Since such assistant information is only for UE to refer to, restrict the report to be with only one PRACH transmission is not reasonable. gNB may get similar PRACH detection performance for multiple PRACH receptions.



FL Observations:
As for how to indicate the UL beam, following methods are proposed by companies (companies are welcomed to check whether your preference is categorized correctly):
· Option 1: implicitly indicated by RA-RNTI
Supporting companies (11): vivo, ZTE, Sanechips, OPPO, LGE, China Telecom, KT, Lenovo, DENSO, Apple, Ericsson
· Option 2: explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., repurposing existing field(s), by reserved bits, etc.)
Supporting companies (6): CATT, OPPO, LGE, TCL, Lenovo, ASUSTek
· Option 3: explicitly indicated by repurposing field(s) of UL Grant (e.g. TDRA, MCS, etc.) or introducing a new field in MAC RAR 
Supporting companies (20): Spreadtrum, UNISOC, vivo, ZTE, Sanechips, CATT, Xiaomi, OPPO, LGE, China Telecom, KT, Offino, ETRI, Lenovo, DENSO, Qualcomm, Ericsson, NTT DOCOMO, Sharp, ASUSTek
· Option 4: explicitly by DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 scheduling
Supporting companies (4): Spreadtrum, UNISOC (for Msg3 retransmission), OPPO, DENSO (for Msg3 retransmission)
· Option 5: explicitly indicated by DCI format 0_0 with CRC scrambled by a new RNTI
Supporting companies: ETRI
· Option 6: implicitly indicated by extending Type1-PDCCH CSS set
Supporting companies: Sharp
From the perspective of FL, all the above options can be considered as long as it is feasible. Companies are welcome to provide your opinions on all of the options in this meeting, and FL will summary the cons & pros as reference for further study. 
FL’s Proposal 1-5b:
Indicating the UL beam information via one or more methods from following options:
· 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)
· Option 3: explicitly indicated by repurposing field(s) or in MAC RAR
· Option 4: explicitly indicated by introducing new field in MAC RAR
· Option 5: explicitly indicated by DCI format 0_0 with CRC scrambled by TC-RNTI for scheduling Msg3 
· Other options are not precluded
Companies are welcomed to provide your comments on FL’s Proposal 1-5b in the following table.
	Company
	Y/N
	Preference and Comments

	Spreadtrum
	N
	Some options do not make sense, and it mixes solutions of initial and re-transmission of MSG3 in one proposal. At least we can focus on initial transmission in this proposal.
· Option1 is too complex for UE to monitoring PDCCH, if PRACH repetition number is 8, UE has to check 8 RA-RNTIs during the RAR window. It is not friendly for PDCCH decoding.
· Option 2 cannot work, since DCI 1_0 is for multiple UE with same RA-RNTI, and there can be different UL beam for different UE.
· Option 5 is for MSG 3 retransmission. 


	China Telecom
	Y
	For Option 1, there is no modification on DCI/MAC RAR design, but increase the complexity of UE detection, and the RA-RNTI for different beams can be the same. 
For option 2, @spreadtrum, though it is for multiple UE, but UE can identify whether the Msg2 is for it by RAPID, so it can work. Such method needs to redesign the DCI format 1_0.
For method 3, as mentioned in our contribution and contributions, if indicated by TDRA, it will reduce the flexibility of time resource allocation; otherwise, there is no single filed has 3 bits that can be repurposed.
For method 4, though 3 bits are needed, but 8 bits need to be added in the MAC CE, which is kind of waste.
For Option 5, we agree with Spreadtrumt that it is only for Msg3 retransmission only, thus, we think it is not a common solution. And if a common solution is agreed, there is no need to introduce an addition option.
From our point of view, since all the first 4 options have pros/cons, we think we are open to discuss them currently, or even combining multiple options together.
For Option5, we think it can be removed. 

	Apple
	Y
	The candidate solutions can be listed for down-selection, the main sentence should make this clear.
Indicating the UL beam information via one or more methods from following options

	QC
	Y
	Option 3 or 4 is preferred. 

	Ericsson
	Y
	We would first prefer indicating the UL beam through the RAPID if different preambles are used across different ROs when employing different Tx beams. Otherwise, we propose further discussion on Option 1, which uses the RA-RNTI (this increases blind decoding at the UE but avoids additional RAR overhead). Another possible solution is to repurpose an existing field in DCI 1_0 or MAC RAR (Option 2 or 3). Option 4 should be considered only if no better alternative is identified, as it would introduce additional overhead in the MAC RAR. 

	Huawei, HiSilicon
	Y
	OK. To have these options at this point in time and to decide the down-selection at a later stage.
Nevertheless, our preferred options are the ones that consider the use of RA-RNTI or RAR message.
Additionally, it is not clear in our view, whether this proposal intends to support several options for the same operation (UL beam information indication) or a down-selection is needed. We think, it is better to just select one of the options rather than having multiple options supported for the same operation.

Therefore, we propose some modifications to the Proposal:
Indicating the UL beam information via one or more methods from of the following options:
· 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)
· Option 3: explicitly indicated by repurposing field(s) of UL grant or in MAC RAR
· Option 4: explicitly indicated by introducing new field in MAC RAR
· Option 5: explicitly indicated by DCI format 0_0 with CRC scrambled by TC-RNTI for scheduling Msg3 
· Other options are not precluded



	Lenovo
	Y
	Seems some information is missing in opt.3, should be explicitly indicated by repurposing field(s) of UL Grant (e.g. TDRA, MCS, etc.) in RAR?
Option 5 is for Msg3 retransmission. We think it should be separately discussed or removed from this proposal. 


	CATT
	Y
	Option2 and Option3 is preferred. 

	IDC
	Y
	We support the proposal from FL. Our preferences are options 1, 3 and 4.


	DOCOMO
	N
	We think the initial transmission and re-transmission should be separately discussed.
The beam should be indicated at least for initial Msg 3 transmissions. How to indicate the UL beam for initial Msg 3 transmission can be discussed first. 
Based on that, we can further discuss whether to indicate UL beam for Msg 3 retransmission.

	ZTE
	Y
	Support.

	ITRI
	Y
	Option1 and Option3 are preferred.

	OPPO
	Y
	Open to discuss currently.
For option 1, we share similar view as CTC, it’s related to the number of Tx beams, e.g., if UE transmit PRACH with 2 beams, it only needs to detect 2 RA-RNTI, each is associated with one Tx beam. 

	Samsung
	N
	This proposal seems to only focus on the methods of carrying the UL beam information. However, it is not clear about the UL beam information. We think the contents of UL beam information is also important to discuss for the indication method. For example, the UL beam formation could be the RO index(es) within one RO group used for multiple PRACH transmissions. 
Therefore, we propose the main bullet is changed to the following. 
Indicating the UL beam information, e.g., RO index(es) within one RO group via one or more methods from following options:

	Sharp
	
	We need to better understand some options in the proposal before we can agree the proposal. At least we think further discussions are need for Option 2, 4 and 5. 
· For Option 2, how can this apply to different UE as DCI is used to schedule PDCCH that is used carry RAR for multiple UEs. The explicit indication in the DCI would not work for different UEs.
· For Option 4, this may introduce backward compatible issue for legacy UEs. Basically, this would not work if RAR is targeting for both legacy and new UE that supports this feature. If gNB transmits the RAR for legacy and new UE separately, this may increase complexity for both gNB and UE side, which is not desirable from system perspective. 
· For Option 5, this is for Msg3 retransmission. We do not think this option would work for initial transmission. 

	vivo  
	Y
	RAR or DCI indication may be better compared to other options to avoid RA-RNTI collision issue.



Issue#1-6: Power ramping issues
Companies’ views on Issue#1-6 can be found as follows.
	Company
	Proposals

	vivo
	[bookmark: _Ref209729506]Observation 7: Events for power ramping counter suspension in case of Type-A PRACH repetition can be reused for Type-B PRACH repetition.

	LGE
	Proposal 2: Discuss conditions for applying power ramping in multiple PRACH transmissions with different Tx beams

	Samsung
	Observation 5: For the PRACH reattempt, a UE may keep, partially change, or totally change the UL Tx beams used in the previous PRACH transmission.
Observation 6: 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 5: 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


	China Telecom
	Proposal 6: 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.

	Offino
	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 5. For a power ramping design with multi-beam PRACH transmission, physical layer indicates power ramping suspension in at least one of the following cases:
· Option 1) when currently selected beams are fully disjoint with previous transmitted beams, or
· Option 2) when current selected beams include any beam that was not included in previously transmitted beams.

	Apple
	Proposal 3: Considering maximum transmission power is used for each PRACH transmission.

	Ericsson 
	[bookmark: _Toc210337379]Proposal 8: Support modifying the legacy rule to suspend the power ramping counter when any of the spatial domain transmission filters changes prior to a retransmission, to accommodate multiple PRACH transmission with different Tx beams.

	NTT DOCOMO
	Proposal 6: No power ramping among multiple PRACH transmissions in one RACH attempt. Legacy power ramping rule is applied among RACH re-attempts.


FL Observations:
As pointed by many companies, the power ramping rule for multiple PRACH transmissions (shown as follows) are not suitable for multiple PRACH transmissions with different Tx beams. 
	TS 38.213 clause 7.4
----<Omitted unrelated part>----
If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher to suspend the power ramping counter as described in [11, TS 38.321]


A common understanding is that for the following case, the power ramping counter shouldn’t suspend, where though the spatial domain filter changes in prior to the retransmission, but the same set of Tx beams are used in the retransmissions. 


And for the following case, the power ramping counter is supposed to suspend, where all of the Tx beams in retransmission are changed to new beams.


The situation can be more complicated and the solutions can be diverse in the following cases. 
· 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.


Companies’ opinions on whether the power ramping counter should suspend in above cases are diverse. Besides, Samsung propose to introduce multiple power ramping counter for different Tx beams, while companies (Apple, NTT DOCOMO) propose to always adopt/not adopt power ramping for Multiple PRACH transmissions with different Tx beams. 
Based on the above observation, the following proposal is proposed on power ramping issue. 
FL’s Proposal 1-6:
For power ramping for multiple PRACH transmissions with different Tx beams, further discuss the following issues
· Whether to support power ramping.
· Whether/when to suspend power ramping counter.
· Whether to introduce multiple power ramping counter based on each Tx beam
Companies are welcomed to provide your comments on FL’s Proposal 1-6 and preference in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	For the first sub-bullet, we think power ramping should be supported for balance the performance and power consumption.
For the second sub-bullet, we prefer to suspend power ramping counter only when all the Tx beams are changed to beams never used before, but also fine it can suspend as long as one of the Tx beams is changed to a new one. 
For the last sub-bullet, we prefer not, the spec impact can be large and resulting in UE change the power too frequently since different Tx beams may use different power.  

	QC
	
	Suggest revisiting after more progress is made on other issues.

	Ericsson
	Y
	Support the first sub-bullet which is in-line with the principle of Rel-18 PRACH repetition. 
For the second sub-bullet, we prefer suspending power when any beam change during retransmission. For example, in Case#2 above, when RO#1 and RO#2 use same beam (Beam#1) during retransmission, there is an additional gain of 3 dB for Beam#1 which may result in successful PRACH reception without need of power ramping. Similar reasoning with use of a new beam (never used before) which can have a better alignment with optimal direction, thereby preventing the need of power ramping. 
Do not prefer the second sub-bullet. Similar view as China Telecom.

	Huawei, HiSilicon
	N
	In our view, we do not need to have specific examples of the operations related to power ramping for multiple PRACH transmissions. It is still unclear the different mechanisms for RSRP and the definition of the thresholds which can affect the power ramping mechanism. 

Depending on the progress in the group, additional aspects for power ramping (if any) might need to be further study. Therefore, we prefer to have a simple and general proposal as follows:

Proposal:
For power ramping for multiple PRACH transmissions with different Tx beams, further discuss the following issues:
· Whether to support power ramping.
· FFS: details of the power ramping operation
· Whether/when to suspend power ramping counter.
· Whether to introduce multiple power ramping counter based on each Tx beam

	CATT
	Y
	Power ramping is beneficial to the PRACH transmission. We are ok to discuss this issue. 

	DOCOMO
	Y
	Though we don’t see the necessity to discuss the third bullet, we can be fine for this proposal.

	ZTE
	Y
	Support.

	OPPO
	
	Suggest to postpone this discussion.

	Samsung
	
	We think power ramping method should be supported. 
For the second sub-bullet, it works that power ramping counter suspends when all or any of the beams are changed compared to the previous PRACH transmission with multiple beams. 
For the third sub-bullet, we think it can also work and may be beneficial for the case when only partial number of beams are changed. 
We are open to discussion.

	Sharp
	Y
	We fine with the suggestion. This could be a conclusion. 

	vivo  
	
	The spec. text mentioned by FL can be understood as for the whole PRACH transmission/retransmission including repetitions if any. And this means that the “ spatial domain transmission filter” could be a set of filters for repetitions. Therefore, current spec. seems enough and this proposal is not necessary.


Issue#1-7: Other issues
Companies’ views on Issue#1-7 can be found as follows.
	Company
	Opinions

	InterDigital
	Proposal 6: Study necessity of binding Msg1 beam sweep (Rel-20) feature with Msg3 repetitions (Rel-17) feature.

	Panasonic
	Proposal 5: 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.

	Samsung
	Observation 7: 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 6: RAN1 considers the fallback mechanism when UE can switch to legacy multiple PRACH transmission with preamble repetitions using singe UL Tx beam.

	China Telecom
	Proposal 7: In retransmission for multiple PRACH transmissions, fall back between multiple PRACH transmissions with same Tx beam and different Tx beams is not supported. 

	Lenovo
	Proposal 6: 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

	Denso
	Proposal 4: RAN1 to study mechanisms for coupling of Msg3 beam selection and Msg3 repetition.

	Ericsson
	[bookmark: _Toc210337374]Proposal 3: Discuss mechanisms to account for beam switching time when determining valid PRACH occasions for multiple PRACH transmissions with different Tx beams.
Proposal 11: Support incrementing the repetition count to the next available higher value after every predefined number of PRACH attempts for multiple PRACH transmissions with different Tx beams, with the detailed specification left to RAN2.


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 issue in retransmission
2. Relationship between Msg1 repetition and Msg3 repetition
3. Ericsson propose to introduce a time guard in case the time interval between two valid RO may not be enough for beam switching at UE side. 
Since the contributions focused on these issues are not many enough, FL would like to invite companies provide your comments (if any) on these issues respectively in this meeting, so that may be a more detailed discussion can be conducted in the future meeting. 
Companies are welcomed to provide your comments on Fallback of multiple PRACH transmissions with different Tx beams from any perspective in the following table.
	Company
	Comments

	China Telecom
	From our understanding, fall back of beam utilization shouldn’t be supported. Because the PRACH repetition with same/different Tx beams are two separate features. When use another method in retransmission, it is not retransmission but more like new RA attempt.

	Ericsson
	Since the Tx beam selection is up to UE implementation, the UE may use any beam (e.g., the same beam in most or all occasions) when performing PRACH repetition with different Tx beams. Therefore, we do not see a strong motivation for supporting a fallback scheme from the different Tx beams feature to the same Tx beam feature.

	Huawei, HiSilicon
	The main motivation of this WI is to improve the coverage of the UL transmissions for PRACH and we should try to introduce all the possible mechanism so that the UE does not have a worse performance due to using multiple Tx beams for the PRACH transmissions. 

In our view, it is important to consider the potential cases where a UE using different Tx beams from the UE might not reach the desired coverage. This case is possible when the gNB cannot combine the received PRACH signal coherently to improve the SNR level for detection, just because the PRACH detection performance mainly relies on the UE implementation to determine the TX beam.

In the potential worst scenario, a UE would persistently transmit PRACH with the maximum allowed power and repetition number until the maximum number of retransmissions is reached, which degrades the system performance due to congestion and potential interference. 

In order to avoid such harmful scenario, we propose to support a fallback scheme which is beneficial to solve or at least mitigate this issue which is inherent to the use of multiple Tx beams for PRACH transmissions.

Based on our prior argumentation, we suggest the following proposal:

Proposal:  
Fallback scheme to be supported for multiple PRACH transmissions with different Tx beams.
FFS: details on the supported fallback scheme.

	Samsung
	We think fallback mechanism when UE can switch to legacy multiple PRACH transmission with preamble repetitions using singe UL Tx beam should be supported. This can avoid the issue where UE cannot succeed in RA attempt by beam sweep due to insufficient gain from angle domain. 

	vivo  
	This could be discussed by RAN2.



Companies are welcomed to provide your comments on Relation of Msg1 Repetition and Msg3 Repetition from any perspective in the following table.
	Company
	Comments

	China Telecom
	We prefer Msg1 and Msg3 repetition is totally decoupled. 

	Ericsson
	Similar view as China Telecom

	Lenovo
	From experience, in most cases Msg3 would be the bottleneck channel while Msg1 is not. To  Msg3 coverage by determining a best Tx beam for Msg3, it can be considered to configure Msg1 repetition with different beams, even Msg1 coverage is not an issue with single-shot transmission.

	ZTE
	We support to discuss the joint consideration of Msg1 Repetition and Msg3 Repetition.

	Sharp
	Purpose of Msg1 repetition with different Tx beam (beam finding out) and Msg3 repetition is totally different, and it should be separated.

	vivo  
	Decoupled.



Companies are welcomed to provide your comments on Introducing a Time Guard for Ensuring the Time Interval between ROs are Enough for UL beam switching in the following table.
	Company
	Comments

	China Telecom
	The procedure can be too complex and change the RO determination rule. We the time interval is not large enough, UE can simply drop this PRACH transmission.

	Ericsson
	The additional time guard period is introduced to prevent PRACH transmission drops, which could otherwise degrade performance. For example, if a dropped RO prevents the UE from transmitting in the optimal direction, it may trigger additional retransmissions and increase latency. However, if specifying a time guard period is considered too complex for the specifications, an alternative, accepting some performance loss, is to allow UEs to transmit using the same Tx beam (similar to Proposal 1-1 but without introducing sub-ROs) when the time gap is insufficient for beam switching. This approach can still provide a performance gain compared to completely dropping the RO.  

	ZTE
	There is no need to introducing such Time Guard.

	Samsung 
	Not support. 

	Sharp
	It can be discussed as RO validation rule.



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

	
	

	
	



2. 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

	ZTE, Sanechips
	Proposal 9: PUSCH repetition scheduled by DCI 0_0 with C-RNTI mechanism specified in Rel-20 should be restricted to the transmission before receiving RRCReconfiguration. 

	Xiaomi
	[bookmark: _Hlk210405821]Proposal 4: Clarify whether the scope of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI is limited to Msg5 and post-Msg5 transmissions initiated from RRC_IDLE, or whether it also includes PUSCH with UL-SCH in RRC_CONNECTED states and Msg5/post-Msg5 transmissions from RRC_INACTIVE states. 

	Nokia
	Given the above, we suggest avoiding spending time debating on whether Msg5 refers to the first or the second message highlighted in red in . And simply acknowledge that, at the very least, the target payload of the PUSCH scheduled by DCI format 0_0 with C-RNTI is at least 1000 bytes.
Proposal 8. For PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI, RAN1 to agree that the target payload is at least 1000 bytes.

	CATT
	Proposal 6: PUSCH repetition can be applied to all PUSCHs scheduled by DCI 0_0 with C-RNTI.

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

	InterDigital
	Observation 4: For UEs under compromised channel environments and completing successful initial access using various coverage enhancement features, Msg5 may become a bottleneck.

	Samsung
	Observation 8: For discussion purpose in this contribution, Msg5 PUSCH refers to the PUSCH carrying RRC message RRCSetupComplete.
Proposal 7: The repetition enhancement should apply to PUSCH scheduled by DCI 0_0 with C-RNTI transmitted before and after RRCReconfiguration. 

	China Telecom
	Observation 8: According to our understanding, there is no typical scenario/case where PUSCH is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI other than Msg5 identified. 
Proposal 9: The mechanism supporting Msg5 repetition, which is the PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI before RRC connection establishment complete, should be the starting point.  

	Panasonic
	Proposal 7: To decide whether an enhancement is to focus on (i) only Msg.5 PUSCH repetition scheduled by DCI format 0-0 with C-RNTI, or (ii) a generic case of PUSCH repetition scheduled by DCI format 0-0 with C-RNTI (including Msg5 PUSCH repetition).

	Lenovo
	Proposal 7：For PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled with C-RNTI, repetition related parameter should be determined separately for:
· Case 1: DCI 0_0 with CRC scrambled by C-RNTI is detected in any CSS associated with CORESET 0.
· Case 2: DCI 0_0 with CRC scrambled by C-RNTI is detected in any CSS not associated with CORESET 0 or in USS.
Proposal 8：For PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled with C-RNTI,
· Case 1: DCI 0_0 with CRC scrambled by C-RNTI is detected in any CSS associated with CORESET 0, the repetition related procedure for Msg 3 could be reused.
· Case 2: DCI 0_0 with CRC scrambled by C-RNTI is detected in any CSS not associated with CORESET 0 or in USS, the repetition related procedure for DCI format 0_1/2 could be reused..

	Ericsson
	[bookmark: _Toc210337384]Proposal 13: Clarify whether the WID scope includes PUSCH repetition scheduled by DCI 0_0 with C-RNTI in the RRC CONNECTED state.
[bookmark: _Toc210336428]Observation 21: Similar to Msg5 PUSCH initial transmission, Msg5 PUSCH retransmissions are scheduled by DCI format 0_0 with C-RNTI. Thus, repetition procedures defined for the initial transmission can be reused for retransmissions, and specification efforts can be first focused on the initial-transmission procedure.

	Apple
	The first case is when PUSCH is scheduled by DCI format 0_0 with C-RNTI before the RRC reconfiguration is completed, i.e., PUSCH after Msg3 and before the completion of RRC reconfiguration, such as Msg5 PUSCH. The second case is when PUSCH is scheduled by DCI format 0_0 after the RRC reconfiguration, where the gNB is already aware of the UE capability

	NTT DOCOMO
	Proposal 7: Support PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, irrespective of scenarios (i.e., TN or NTN)

	ASUSTek
	Proposal 2: RAN1 study following aspect for PUSCH repetition scheduled by DCI 0_0 with C-RNTI:
(1) In which condition, the UE is allowed to apply “PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.


FL Observations:
PUSCH can be scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration (Case #1), including Msg5 and subsequent transmissions before receiving RRCReconfiguration; and after receiving RRCReconfiguration (Case #2). The procedures and signallings are shown in the following figure provided by ZTE and Nokia. According to the justification, this objective mainly aims on improving the coverage in Case #1, which is also supported by all the companies (ZTE, Sanechips, Xiaomi, Nokia, CATT, OPPO, InterDigital, China Telecom, Samsung, Panasonic, Lenovo, Ericsson, Apple). There are also companies (CATT, Samsung, Lenovo, Apple) think the PUSCH repetition scheduled by DCI 0_0 with C-RNTI in Case #2 should be supported at the same time. 
[image: ]
For the companies who only support Case #1, on the one hand, it is not likely that the PUSCH repetition scheduled by DCI 0_0 with C-RNTI is needed since the PUSCH repetition scheduled by DCI 0_1/0_2/0_3 has already been supported; on the other hand, supporting both scenarios may result in a very complicated mechanism or two different mechanism, since the signals can be used to request and indicate the repetition are different in these two scenarios. 
From perspective of FL, Case #2 can be supported if typical scenarios can be identified, or the same mechanism for Case #1 can be applied in Case #2, otherwise the workload can be too large considering the limited TU for this WI. Thus, the following proposal is provided as a starting point for discussion. And for discussion purpose, Msg5 repetition stands for PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration in the following parts of this summary. 
FL’s Proposal 2-1:
Specify the mechanism to support PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration. 
· FFS: whether/how to support PUSCH scheduled by DCI 0_0 with CRC scrambled by C-RNTI after receiving RRCReconfiguration.
· FFS: whether can be applied to NTN scenario

Companies are welcomed to provide your comments on FL’s Proposal 2-1 and preference on whether to support Case #2 in the following table.
	Company
	Y/N
	Comments and preference

	Spreadtrum
	Y
	We agree with FL MSG5 can be supported first. We are also open to extent it to RRC connected and NTN.

	China Telecom
	Y
	For the PUSCH scheduled by DCI 0_0 with CRC scrambled by C-RNTI after receiving RRCReconfiguration, we think it can be supported only if there is no need to introduce a separate mechanism. Otherwise, we prefer to focus on Msg5 only.

	Apple
	Y
	There is no restriction that PUSCH repetition scheduled DCI 0_0 with C-RNTI before receiving RRCReconfiguration, or after the RRCRreconfiguration, so both are within the WI scope. 

	QC
	Y
	The WID language is clear and doesn’t restrict this feature only before UE receives RRCReconfiguration. A single unified solution can be pursued.

During RAN Plenary discussions, even though only Msg 5 repetitions were originally discussed, at some point, the scope was revised and opened up to cover any PUSCH triggered by DCI format 0_0 scrambled by C-RNTI.

	Ericsson
	Y
	Have a similar view as China Telecom. The support for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI should only be extended after RRCReconfiguration if there is a clear motivation, given that PUSCH repetition is already supported by DCI formats 0_1, 0_2, and 0_3. Otherwise, to limit the specification effort, PUSCH repetition should be restricted to Msg5 PUSCH. 
Furthermore, we support the application of repetition to NTN, as NTN systems can experience larger coverage bottlenecks.

	Huawei, HiSilicon
	N
	In our view, we should focus only on the case before receiving RRCReconfiguration. 
In our view, the pretended extension also after receiving RRCReconfiguration is already supported and re-specifying or at least studying this operation will consume a lot of time.

For the case of NTN, we think that it is out-of-scope since there is nothing mentioning in the WID that we should also cover this case

Therefore, we propose to delete both sub-bullet and support only the case before receiving RRCReconfiguration.

	Lenovo
	Y
	We think PUSCH repetition scheduled DCI 0_0 with C-RNTI after the RRCRreconfiguration is in the scope and should be supported. otherwise, it could be a new bottleneck.

	CATT
	Y
	Per the WID, PUSCH repetition is applicable to all PUSCHs scheduled by DCI 0_0 with C-RNTI. Additionally, if Msg5 becomes coverage bottleneck, other PUSCHs scheduled by fallback DCI will also face coverage issues—given that Msg5 has a small payload size.

	IDC
	Y
	We support the FL proposal.

	ZTE
	Y
	Support.

	OPPO
	
	We really don’t think the issue is useful after Msg5. If this repetition can be continue indicated in the format 0_0, after UE configured with repetition factor or Rel-17 repetition, there will be conflict on the number of slots.
One simple way is to state just before the RRC reconfiguration.
Another possible way is just make the indication valid for the Msg5 and its retransmission.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	N
	Don’t support to treat PUSCH before RRCReconfiguration and after RRCReconfiguration with different priority. 
The WID does not limit the timing of PUSCH transmission, whether before RRCReconfiguration or after RRCReconfiguration. So it is reasonable to include PUSCH scheduled by DCI 0_0 with CRC scrambled by C-RNTI after receiving RRCReconfiguration into the enhancement scope. And a unified solution should be strived for. 

	Sharp
	Y/N
	· We support to specify PUSCH repetitions scheduled by DCI format 0_0 with CRC scrambled by C-RNTI for both before and after RRC connection establishment. While we understand that after RRC configuration, PUSCH repetitions can be scheduled by DCI format 0_1/0_2/0_3, we think the scenario of using fallback DCI to schedule PUSCH repetitions is equally important. We do not see any additional workload and specification impact for this. 
· We suggest updating the name from “RRC connection established” to “RRC connection establishment”
For the second sub-bullet, our understanding is that PUSCH repetition scheduled by DCI format 0_0 should be naturally supported for NTN, where coverage enhancement has been studied for multiple releases. It is not clear to us why we need FFS here. Suggest to either remove the second bullet or mention this is supported for both NTN and TN.

	vivo  
	Y
	



Issue#2-2: Mechanisms of Msg3 repetition can be reused
Companies’ views on Issue#2-2 can be found as follows.
	Company
	Proposals

	ZTE, Sanechips
	Proposal 11: The following mechanisms specified for PUSCH repetition of Msg3 re-transmission in Rel-17 can be reused for Rel-20 PUSCH repetition scheduled by DCI format 0_0 with C-RNTI, 
· RV determination,
· Available slot determination,
· Frequency hopping. 

	Huawei, Hisilicon
	[bookmark: _Ref210069633]Proposal 12: At least the following mechanisms and procedures are studied by RAN1 in Rel-20 for specifying the support of Msg5 PUSCH repetition:
· Triggering mechanism for Msg5 PUSCH repetition, indication of number of repetitions and RV pattern.

	Xiaomi
	Proposal 6: 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:
· PUSCH repetition type
· Indication of number of repetitions
· Candidate values
· Resource allocation
· Frequency hopping
· RV determination
·  No combination with TBoMS

	Tejas
	Proposal 5: Study of reuse of repetition parameters (like repetition number, RV determination, freq. hopping configurations) indicated via RAR message for repetition of initial transmission of PUSCH (Msg5), scheduled via DCI format 0_0 with CRC scrambled by C_RNTI.

	Nokia
	Proposal 5. For time and frequency allocation of PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI, the same principle as for PUSCH repetition type A counted on available slots is considered as a starting point.

	OPPO
	Proposal 10: For Msg5 PUSCH repetitions, RV 0 is used for the first repetition of Msg5 PUSCH initial transmission, and a dynamically indicated RV id via DCI 0_0 for the first repetition of Msg5 PUSCH re-transmission.
· For the repetition of Msg5 PUSCH initial transmission, the RV sequence is configured by gNB.

	Denso
	Proposal 5:	The mechanisms for Msg3 retransmission with repetition can be considered as a baseline for Msg5 repetition in the following aspects:
· Indication of number of repetitions and MCS index
· Determination of redundancy version and available slots
· Frequency hopping

	Apple
	This counting scheme could be extended to PUSCH scheduled by DCI format 0_0.
Proposal 8: Consider availabe slot based counting for PUSCH repetition scheduled by DCI format 0_0. 

	Ericsson
	[bookmark: _Toc210337385]Proposal 14: Support Msg5 PUSCH repetition based on Type A repetition principle.
[bookmark: _Toc210336430][bookmark: _Toc210337386]Proposal 15: Support applying the available slot determination procedure for Msg5 PUSCH repetition, with the RV pattern {0, 2, 3, 1} cycling across the determined available slots during the initial transmission.

	Sharp
	Proposal 5
· Type A PUSCH repetition is applied for PUSCH scheduled by DCI format 0_0 with C-RNTI.
· Available slot counting is applied for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.


FL Observations:
Msg3 repetition was introduced in Rel-17, which can be scheduled by DCI format 0_0 with TC-RNTI for initial transmission. Since both procedures are for PUSCH scheduled by DCI format 0_0, some mechanisms can be considered to be reused.
1. RV determination:
Supporting companies (8): ZTE, Sanechips, Huawei, Hisilicon, Xiaomi, Tejas, Denso, Ericsson,
Objecting companies: OPPO (?)
2. Available slot determination:
Supporting companies (6): ZTE, Sanechips, Xiaomi, Denso, Apple, Sharp
3. Frequency hopping configuration:
Supporting companies (5): ZTE, Sanechips, Xiaomi, Tejas, Denso, 
4. PUSCH repetition type: Type A PUSCH repetition only
Supporting companies (3): Xiaomi, Ericsson, Sharp
5. Candidate values:
Supporting companies (2): Xiaomi, Tejas
6. No combination with TBoMS:
Supporting companies: Xiaomi
For the candidate values of repetition, FL think it can be discussed as the details of indication of repetition. Based on the view of majority, the following proposal is provided. 
FL’s Proposal 2-2:
Reuse the following rules of Msg3 repetition for PUSCH repetition scheduled by DCI 0_0 with C-RNTI before RRC connection established.
· RV determination rule
· Available slot determination rule
· Frequency hopping 
· Only applicable to PUSCH Repetition Type A
· Not combined with TBoMS in Rel-17.
Companies are welcomed to provide your comments on FL’s Proposal 2-2 in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	

	Apple
	Y
	In general, we agree the design principle. For RV determination rule and frequency hopping, more details are needed to avoid misunderstanding. 

	QC
	
	Seems okay, but prefer to wait for discussions to progress a bit further. 

	Ericsson 
	Y
	Support. The corresponding rules can follow those applicable to Msg3 repetition.

	Huawei, HiSilicon
	Y with modifications
	We think that the direction of this proposal is OK.

However, in our view, there is no need to explicitly say the features that cannot be combined with the current feature, and therefore, the last bullet should be deleted.

Therefore, we propose to modify the proposal as follows:
Proposal:
Reuse the following rules of Msg3 repetition for PUSCH repetition scheduled by DCI 0_0 with C-RNTI before RRC connection established.
· RV determination rule
· Available slot determination rule
· Frequency hopping 
· Only applicable to PUSCH Repetition Type A
· Not combined with TBoMS in Rel-17.

	Lenovo
	Y
	

	CATT
	Y
	

	IDC
	Y
	We support the FL proposal.

	ZTE
	Y
	Support.

	OPPO
	
	We also think this detail may need more time to finalize.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	
	Not a critical issue at the first meeting. Suggest to defer the discussion of this issue. 

	Sharp
	Y
	We are fine with the proposal. But we think “before RRC connection established” can be removed. We think it is better to finalize the Proposal 2-1 first before we discuss this issue. 

	Tejas Networks
	Y
	


Issue#2-3: Request of Msg5 repetition 
Companies’ views on Issue#2-3 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 7: A new RSRP threshold can be configured for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.
Proposal 8: MSG3 is used for capability/request report of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI.

	vivo
	[bookmark: _Ref209729571]Proposal 8: LCID of Msg3 can be used for requesting repetition of PUSCH scheduled by fallback DCI with C-RNTI for UEs with RSRP of DL pathloss reference less than an RSRP threshold separately defined.

	ZTE, Sanechips
	Proposal 12: The following two options of triggering mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI can be considered based on the mechanism discussed in section 3.2:
· Option 1: An RSRP-based condition can be considered, 
· Relationship with existing RSRP-Threshold for Msg3 repetition.
· Option 2: Reuse the trigger condition for Msg3 repetition.
Proposal 10: Regarding early identification of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI, the following options can be considered, 
· Option 1: Explicitly indicated by, e.g., higher layer signaling or separate PRACH resources;
· Option 2: Implicitly indicated via Msg3 repetition.

	Xiaomi
	Proposal 5: 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 

	Tejas
	Observation 2: Enabling the repetitions for initial transmission of PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI (Msg5) will yield coverage improvement. 
Proposal 2: Study the UE requested repetition for the initial transmission of PUSCH (Msg5), scheduled via DCI format 0_0 with CRC scrambled by C-RNTI, with gNB indicating the number of repetitions.
Proposal 4: Study on the request mechanism for repetition of initial transmission of PUSCH (Msg5), scheduled via DCI format 0_0 with CRC scrambled by C-RNTI, using Msg3-based signalling via DM-RS configurations as per following options : 
· DMRS sequence partitioning
· DMRS resource muting pattern
· DMRS symbol position

	Nokia
	For example, the Msg3 repetition request would also be a request for PUSCH repetition scheduled by DCI format 0_0 with C-RNTI, without the need for dedicated RACH resources. Alternatively, the HACK-ACK of Msg4 can be a channel for such capability reporting.
Proposal 7. For PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI, RAN1 to discuss details on early UE capability indication.

	CATT
	Proposal 7: PUSCH repetition scheduled by DCI 0_0 with C-RNTI can be early identified in Msg3 PUSCH.

	InterDigital
	Proposal 7: Study whether to specify Msg5 indication design through UE selection of RACH partition or specify the UE indication signalling as part of Msg3.

	Samsung
	UE reports the repetition capability after the successful contention resolution. 

	China Telecom
	Proposal 12: Support to introduce a new specific value of eLCID in the MAC header of Msg3 to request the Msg5 repetition.

	Panasonic
	Proposal 8: Support that a UE sends a request for Msg5 PUSCH repetition and/or repetition number to gNB. One of the following options can be considered if UE supports Msg5 PUSCH repetition function.
· Option 1: The request is a part of Msg3 PUSCH
· Option 2: The request is a part of a PUCCH/UCI carrying HARQ ACK/NACK of Msg4 PDSCH

	TCL
	Proposal 4: The capability of PUSCH repetition scheduled by DCI 0_0 with C-RNTI can be identified through either Msg3 PUSCH transmissions or PRACH transmissions.

	Denso
	Proposal 6:	The UE capability for supporting the Msg5 repetition feature can be reported via Msg3 PUSCH transmission.

	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. 

	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.

	Ericsson
	[bookmark: _Toc210337389][bookmark: _Toc210337390]Proposal 18: Support configuring an optional RSRP threshold to allow a UE to request Msg5 PUSCH repetition. 
Proposal 19: Support that, when the candidates for the repetition count are configured, the UE shall request Msg5 PUSCH repetition only if the RSRP of the DL pathloss reference falls below the configured threshold, or, if no threshold is configured, any UE capable of Msg5 PUSCH repetition shall request the repetition by default.
[bookmark: _Toc210337391]Proposal 20: Discuss methods for requesting Msg5 PUSCH repetition, including via Msg3 PUSCH or Msg4 HARQ-ACK.

	NTT DOCOMO
	Proposal 8: The following details can be considered for specifying PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI: 
· Repetition factors supported: {2, 4, 8}
· For NTN scenario, additional larger value can be considered
· NW configuration: SIB1 to configure, e.g., 
· Turn on/off of the feature in the cell
· Candidate repetition factors in the cell
· Threshold to choose one of the candidate repetition factors (if needed), e.g., SSB-RSRP for each of the candidate factors in the cell
· UE requests: Reuse e.g., Msg3 PUSCH based request
· Indication of an actual repetition factor: Add a new field in DCI format 0_0 with CRC scrambled by C-RNTI

	Sharp
	Proposal 4
· UE indicates support of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI via Msg3 transmission.
· If UE requests the Msg3 repetition, the UE determines the number of repetitions for PUSCH transmission scheduled by DCI format 0_0 with C-RNTI. 


FL Observations:
According to companies, it is common understanding that the Msg5 repetition should be identified early, which means the request of Msg5 repetition is needed. Most companies (16: Spreadtrum, UNISOC, vivo, Xiaomi, Tejas, CATT, Nokia China Telecom, Panasonic, TCL, Denso, Apple, Qualcomm, Ericsson, NTT DOCOMO, Sharp) support request of Msg5 repetition via Msg3 (e.g., LCID, eLCID, repurpose existing fields). Besides, some companies (Spreadtrum, UNISOC, vivo, Xiaomi) proposed that a new RSRP can be configured for UE to make decision at the same time. Other options are also proposed by companies: e.g., Based on RSRP (ZTE, Sanechips); via HACK-ACK or Msg4 (Nokia, Panasonic, Ericsson); Based on RACH partition (Interdigital)
Since all the companies who propose using other options are also fine with utilizing Msg3 for Msg5 repetition request, FL would like to preclude all the other options. Thus, the following proposal is provided for discussion.
FL’s Proposal 2-3:
Support to request PUSCH repetition scheduled by DCI 0_0 with C-RNTI before RRC connection established via Msg3. 
· FFS: whether to configure a separate RSRP of DL reference signal for UE to trigger the request.
· FFS: other details.
Companies are welcomed to provide your comments on FL’s Proposal 2-3 in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	China Telecom
	Y
	

	Apple
	Y
	

	QC
	N
	We don’t think this is a “request”. This is just a capability indication in Msg3 that the UE supports this new feature. It is up to gNB discretion on whether it wants to enable/use this feature. We don’t have to tie to any RSRP thresholds. 


	Ericsson 
	Y
	Support, given that the majority agree on using Msg3 for requesting Msg5 PUSCH repetition. Msg4 HARQ-ACK could have been another potential option, as it would allow the UE to request Msg5 PUSCH repetition only after contention resolution.

We believe a separate RSRP threshold should be configurable for Msg5 PUSCH, as it carries a higher payload compared to prior UL transmissions (e.g., Msg3 and Msg4 HARQ-ACK) and therefore may require different repetition criteria. However, following the principle of Msg4 HARQ-ACK repetition, we support making the RSRP threshold optional. Specifically, when configuring candidates for Msg5 PUSCH repetition count, the network can optionally configure a threshold via SIB. The UE can then measure the RSRP of the DL pathloss reference and request Msg5 PUSCH repetition only if the measured RSRP is below the SIB-configured threshold. If no threshold is configured, thereby reducing SIB signaling overhead, any UE supporting Msg5 PUSCH repetition can request Msg5 PUSCH repetition by default.

	Huawei, HiSilicon
	Y
	

	Lenovo
	Y
	We also support request of Msg5 repetition via Msg3.

	CATT
	Y
	

	IDC
	Y
	We support the FL proposal.

	ZTE
	
	We are general OK with the intention of this proposal.
One clarification for the main bullet, it should be “before RRC reconfiguration” as the proposal 2-1. 
As the intention of the WID, there is a demand for coverage enhancement of the PUSCH which can’t be scheduled by DCI 0_1 or DCI 0_2. And before RRC reconfiguration, the PUSCH only be able to be scheduled by DCI 0_0. Therefore, the focused scenario of supporting PUSCH repetition scheduled by DCI 0_0 with C-RNTI should be “before RRC reconfiguration”.

	OPPO
	Y
	

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	N
	We don’t support request for PUSCH repetition. It should be a capability report.
We don’t support to indicated the capability via Msg3. 

Suggest to support both case 1 and 2, and follow the mechanism of PUSCH scheduled by DCI format 0-1. UE to report the capability, and up to gNB to decide whether to schedule PUSCH with repetition or not. The capability report should not tie to any RSRP threshold. 

UE should report the capability after the successful contention resolution, rather than via Msg3. After transmitting Msg3, the contention is not resolved, so UE may not transmit Msg5. The capability report in Msg3 might be wasted. Thus, the capability report after receiving Msg4 is meaningful.


	Sharp
	Y
	We are fine with this proposal. 

	Tejas Networks
	Y
	We support on using Msg3 for requesting Msg5 PUSCH repetition.

	vivo  
	Y
	




Issue#2-4: Indication of Msg5 repetition 
Companies’ views on Issue#2-4 can be found as follows.
	Company
	Opinions

	Spreadtrum, UNISOC
	Proposal 9: A small set of repetition numbers for PUSCH is configured, and one value is dynamically indicated by a new field in padding bits of DCI format 0_0.

	vivo
	[bookmark: _Ref209729576]Proposal 7: Repetition number of PUSCH scheduled by fallback DCI with C-RNTI can be signalled via the DAI field in the DCI 1_0 with TC-RNTI, with a set of candidate repetition factors configured in SIB1.

	ZTE, Sanechips
	Proposal 13: 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 14: 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.

	Huawei, Hisilicon
	Proposal 11: At least the following mechanisms and procedures are studied by RAN1 in Rel-20 for specifying the support of Msg5 PUSCH repetition:
· Triggering mechanism for Msg5 PUSCH repetition, indication of number of repetitions and RV pattern.
· Identify which legacy procedures used for Msg3 PUSCH repetition can be reused for Msg5 PUSCH repetition, and which, if any, cannot be.

	Tejas
	Proposal 6: Study of dynamic indication of the number of repetitions for PUSCH (Msg5) retransmission via DCI based on channel conditions. 

	Nokia
	Proposal 6. For indicating number of repetitions of PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI, MSBs of MCS field is considered as a starting point (similar to PUSCH repetitions scheduled by DCI format 0_0 with TC-RNTI). RAN1 further discuss details, e.g., the number of MSBs of MCS field. 

	CATT
	Proposal 8: PUSCH repetition number can be indicated by 2MSB of MCS field in DCI 0_0 with C-RNTI.
· Further study the candidate value of the PUSCH repetition.

	OPPO
	Proposal 9: The following options can be considered for indication of the Msg 5 PUSCH repetition.
· 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.

	Transsion Holdings
	Proposal 5: It is recommended that study a mechanism for indicating the number of repetitions.

	InterDigital
	Proposal 8: Support a UE specific Msg5 repetition indication where the network may indicate a suitable number of Msg5 repetitions.
For the signalling to indicate a number of Msg5 repetitions from the network to the UE, the indication may be provided during the RACH procedure itself, e.g., during Msg3/Msg4 or as part of the Msg5 scheduling DCI
Proposal 9: Study suitable signaling methods for the network to provide Msg5 repetition indication.

	Samsung
	Proposal 9: UE determines the number of repetition based on gNB configuration/indication. 

	KT
	Proposal 6: For Msg5 PUSCH repetition, the following alternatives can be considered.
· Alt 1: A set of repetition factors can be configured via SIB1, and one repetition factor can be indicated via DCI format 0_0 with C-RNTI.
· Alt 2: Repetition factor of Msg3 PUSCH can be applied to Msg5 PUSCH by indicating enable or disable of repetition.
Observation 2: Frequency hopping is not supported for PUSCH transmission indicated via DCI format 0_0 with CRC scrambled by C-RNTI.
Proposal 7: 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.

	China Telecom
	Observation 9: 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.
Proposal 10: 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. 
Observation10: Compared with Msg3, Msg5 has a lower demand for MCS configuration flexibility.
Proposal 11: 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.

	Panasonic
	Proposal 9: Support that gNB can indicate a repetition number of Msg5 PUSCH to the UE. One of the following options can be considered 
· Option 1: The indication is a part of Msg4 PDSCH
· Option 2: The indication is a part of DCI format 0_0 with CRC scrambled by C-RNTI for scheduling Msg5 PUSCH repetition 
· Option 3: To mandate certain rule for UE supports Msg5 PUSCH repetition function.

	TCL
	Proposal 5: The Msg5 PUSCH repetition number can be indicated by the two most significant bits of the MCS field within DCI format 0_0 associated with the C-RNTI. 

	Offino
	Proposal 6. To enable Msg5 PUSCH repetition scheduled by DCI 0_0 with C-RNTI, consider options of a) explicit DCI fields, b) implicit TDRA-based signaling, or c) semi-persistent configuration.
Proposal 7. It is proposed that RAN1 agrees the treatment of Msg5 repetition as non-HARQ repetition of the same TB, keeping HARQ process state unchanged.

	ETRI
	[bookmark: _Ref210290717]Proposal 1: The maximum number of Tx beams for PRACH transmissions should be configurable via RRC (i.e., SIB1), and support up to 8.
Proposal 9: MCS field in the scheduling DCI format may indicate both repetition number and MCS index.
[bookmark: _Ref210290721]Proposal 10: Retransmitting PUSCH can be indicated a repetition number.

	Apple
	Proposal 6: For PUSCH repetition after the RRC reconfiguation, the repetition is enabled by repetition factor confiugration. 
Proposal 7: Dynamic repetiton factor indication can be consdiered, and re-interpret the bits of existing information field in DCI format 0_0.

	Qualcomm
	Observation 2: 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 indication of repetition of PUSCH scheduled with DCI format 0_0 scrambled with C-RNTI via the TDRA field.
Proposal 11: For UEs that are not in RRC connected states or 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 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.
Proposal 12: Support the following text proposal in TS 38.214 section 6.1.2.1 (Resource allocation in time domain)
For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format, 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, or format 0_0 with CRC scrambled with C-RNTI, the number of repetitions K is determined as
· if numberofRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberofRepetitions;
· elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor,
· otherwise K=1.

	Ericsson
	[bookmark: _Toc210337387]Proposal 16: Support UE-specific dynamic indication of the Msg5 PUSCH repetition count.
Proposal 17: Support configuration of more than one candidate for the repetition count for Msg5 PUSCH, with the Msg3 PUSCH repetition candidates included at least. FFS: Extension of the candidates to include {20, 24, 28, 32}
[bookmark: _Toc210337392]Proposal 21: Discuss methods for dynamically indicating the Msg5 PUSCH repetition count, including using the modulation and coding scheme field or the Time Domain Resource Assignment field in DCI format 0_0 with C-RNTI. 

	NTT DOCOMO
	Proposal 8: The following details can be considered for specifying PUSCH repetition scheduled by DCI format 0_0 with CRC scrambled by C-RNTI: 
· Repetition factors supported: {2, 4, 8}
· For NTN scenario, additional larger value can be considered
· NW configuration: SIB1 to configure, e.g., 
· Turn on/off of the feature in the cell
· Candidate repetition factors in the cell
· Threshold to choose one of the candidate repetition factors (if needed), e.g., SSB-RSRP for each of the candidate factors in the cell
· UE requests: Reuse e.g., Msg3 PUSCH based request
· Indication of an actual repetition factor: Add a new field in DCI format 0_0 with CRC scrambled by C-RNTI

	Sharp
	Proposal 6
· When numberOfRepetitions or pusch-AggregationFactor is configured by higher layers, same mechanism for PUSCH repetition scheduled by DCI format 0_1/0_2/0_3 is reused for that scheduled by DCI format 0_0.
· When numberOfRepetitions and pusch-AggregationFactor is not configured by higher layers, MCS field in the DCI format 0_0 with CRC scrambled by C-RNTI is repurposed to indicate the number of repetitions for PUSCH transmission. 
· 4 number of repetitions can be configured by higher layers. 
· 2 MSBs of MCS field are used to indicate the number of repetitions. 


FL Observations:
For indicating the Msg5 repetition times, the candidate values can be configured in advanced or using the default values. When the candidate values of repetition time are configured, companies (Spreadtrum, UNISOC, vivo, ZTE, Sanechip, Huawei, Hisilicon, KT, NTT DOCOMO) proposed to configure them in SIB1, reusing the similar procedure in Msg3 repetition. 
And companies propose to reuse the repetition times configured for Msg3, FL would like to discuss such mechanism in Issue 2-5.
FL’s Proposal 2-4a:
The repetition times of PUSCH scheduled by DCI 0_0 with C-RNTI before RRC connection established is indicated to UE from a set of (4) candidate values which are predefined or configured in SIB1. 
Companies are welcomed to provide your comments on FL’s Proposal 2-4a in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	China Telecom
	Y
	

	Apple
	Y
	

	QC
	N
	It’s a bit early to discuss this. We think both case (1) and case (2) (before and after RRC connection) need to be supported using a single framework.  

Suggest pursuing a joint solution.

	Ericsson 
	Y
	The set of four candidates, selected from a set of pre-defined candidates, can be configured following the same principles as Msg3 PUSCH repetition.

	Huawei, HiSilicon
	Y with comments
	We are in general OK with this proposal; however, would like to get clarification on the predefinition or configuration of the candidate values via SIB1.

Are we using both mechanisms, i.e., predefinition and configured in SIB1? Or will it be either one or the other? Or will we down select one operation at the end?



	Lenovo
	Y
	

	CATT
	Y
	

	IDC
	Y
	We support the FL proposal.

	ZTE
	Y
	We are general OK with the proposal except two minor issues.
One is about “ before RRC connection established” as proposal 2-1.
Another one is that we suggest adding an FFS about relationship between the candidate values of PUSCH scheduled by DCI 0_0 with C-RNTI and the candidate values of Msg3 repetition.

	OPPO
	Y
	

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	
	Do not support to treat case 1 and case 2 with different priority. SIB1 config can be used for case 1 and case 2. Suggest pursuing a unified solution for case 1 and case 2.

	Sharp
	Y
	We are fine with the proposal, but we suggest to change “repetition times” to “repetition numbers”

	Tejas Networks
	Y
	We agree with Huawei, are generally in support of the proposal, but we would like a clarification on whether one or both mechanisms will be considered for study.

	vivo  
	Y
	



FL Observations:
After configuring/predefine a set of repetition values, the indication can be used to dynamically indicate one of values. The companies’ opinions on indication methods are summarized as follows:
· DCI 0_0 with C-RNTI based method (Interdigital, KT, Panasonic)
· 2 MSB of MCS field (15): ZTE, Sanechip, Huawei, Hisilicon, Tejas, Nokia, CATT, OPPO, CTC, TCL, Ericsson, Offino, ETRI, Apple, Ericsson
· TDRA based (4): OPPO, Offino, Qualcomm, Ericsson
· New field: NTT DOCOMO
· DAI field in DCI 1_0 with TC-RNTI: vivo
· Via Msg 4 PDSCH: Panasonic, Interdigital
· Via DCI scheduling Msg3: Interdigital
Nearly all the companies are fine to use the DCI 0_0 with C-RNTI to indicate the Msg5 Repetition, though the detailed indication methods can be different. Only vivo propose to use DAI field in DCI format 1_0 with TC-RNTI. For the detail indication method, most companies propose using the 2 MSB in MCS field for indication or at least as an acceptable option, while Qualcomm only propose use TDRA based indication. Considering the majority’s view, the following proposal is given.
FL’s Proposal 2-4b:
Using the 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI to indicate the repetition times of PUSCH scheduled by DCI 0_0 with C-RNTI before RRC connection established.
Companies are welcomed to provide your comments on FL’s Proposal 2-4b in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	N
	There are some padding bits in DCI format 0_0 due to less payload than DCI format 1_0, so a new field can be used.

	China Telecom
	Y
	It is easier to reuse the mechanism for Msg3 repetition.

	Apple
	Y
	

	QC
	N
	Suggest pursuing a joint solution for both Case 1 and Case 2.

	Ericsson 
	N
	Support in principle, but the decision can be deferred until agreements on Proposal 2-1 and Proposal 2-4a are reached. If the scope of the WID includes PUSCH repetition after RRCReconfiguration, the use of TRDA could be another potential solution worth discussing, as this procedure is already adopted for repetition scheduled by DCI formats 0_0, 0_1, and 0_3. Furthermore, it must first be agreed that four values will be configured before deciding that the 2 MSB of the MCS field will be used for indication.

	Huawei, HiSilicon
	Y
	

	Lenovo
	Y
	

	CATT
	Y
	Similar view as the china Telecom.

	IDC
	Y
	We support DCI based indication. Which field to use to indicate may be discussed further.


	ZTE
	
	General OK with one clarification about “before Receiving RRCReconfiguration”.

	OPPO
	N
	We need to have some consideration for other solution, e.g. TDRA table.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	
	Do not support to treat case 1 and case 2 with different priority. Too early to down to this detail in the first meeting. 

	Sharp
	Y
	We are fine with the proposal.

	Tejas Networks
	Y
	We support the reuse the mechanism for Msg3 repetition.

	vivo  
	N
	MCS indexes shouldn’t be restricted to support Msg5 repetition. Optimization of MCS is out of the scope of this discussion.


FL Observations:
The candidate values for Msg5 repetition are not mentioned by too much companies and the current views are diverse. Thus, FL prefer to not making any conclusion on the candidate values of Msg5 repetition times in this meeting. Companies are welcomed to provide your comments on candidate values of Msg5 repetition times in the following table.
	Company
	Comments

	China Telecom
	We think the values in Msg3 repetition can be a starting point for discussion, i.e., {1,2,3,4,7,8,16}.

	Apple
	Share the same view as China Telecom.

	Ericsson 
	Similar view as China Telecom.

	Huawei, HiSilicon
	We propose that the msg5 repetition value is larger than msg3, as the payload for the Msg5 is increased ten-fold compared to the payload of the Msg3. In our view, at least 32 times for the repetition times of Msg5 is required. 
Therefore, we propose that the candidate values of Msg5 repetition times is at least 32.

	CATT
	Similar view as China Telecom.


Issue#2-5: Relation with Msg3 repetition 
Companies’ views on Issue#2-5 can be found as follows.
	Company
	Opinions

	ZTE, Sanechips
	Proposal 10: Regarding early identification of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI, the following options can be considered, 
· Option 1: Explicitly indicated by, e.g., higher layer signaling or separate PRACH resources;
· Option 2: Implicitly indicated via Msg3 repetition.
Proposal 12: The following two options of triggering mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI can be considered based on the mechanism discussed in section 3.2:
· Option 1: An RSRP-based condition can be considered, 
· Relationship with existing RSRP-Threshold for Msg3 repetition.
· Option 2: Reuse the trigger condition for Msg3 repetition.

	Tejas
	Proposal 3: Study on the default assumption that the UE requests repetitions for the initial transmission of PUSCH (Msg5), scheduled via DCI format 0_0 with CRC scrambled by C-RNTI, whenever repetition was requested for Msg3.

	Samsung
	Proposal 8: The configuration (e.g., repetition number) of PUSCH repetition should be separated from Msg1 or Msg3 repetition configuration.
Proposal 10: The capability of PUSCH repetition by DCI 0_0 with C-RNTI is not suitable to be tied with Msg1/3 repetition. 
Proposal 11: The capability of PUSCH repetition by DCI 0_0 with C-RNTI is separately reported from Msg1/Msg3 repetition request. 

	China Telecom
	Proposal 13: Consider to support to trigger the Msg5 repetition when Msg3 repetition is request and adopted.

	KT
	Proposal 6: For Msg5 PUSCH repetition, the following alternatives can be considered.
· Alt 1: A set of repetition factors can be configured via SIB1, and one repetition factor can be indicated via DCI format 0_0 with C-RNTI.
· Alt 2: Repetition factor of Msg3 PUSCH can be applied to Msg5 PUSCH by indicating enable or disable of repetition.

	ETRI
	Proposal 12: PUSCH repetition feature can be an independent feature of other repetition-related features.

	Sharp
	Proposal 4
· UE indicates support of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI via Msg3 transmission.
· If UE requests the Msg3 repetition, the UE determines the number of repetitions for PUSCH transmission scheduled by DCI format 0_0 with C-RNTI. 


FL Observations:
Based on companies’ input, it is pointed out that Msg5 always has a worse performance than Msg3, if Msg3’s coverage is a problem, then Msg5’s coverage will also be a problem. Thus, companies propose the signalling/configuration for Msg3 repetition can be also used for Msg5 repetition at the same time, e.g., implicitly indicate the Msg5 repetition request when Msg3 repetition is requested (ZTE, Sanechip, Tejas, China Telecom, Sharp), the configured repetition time list for Msg3 can be used by Msg5 if not configured (KT). 
However, companies (Samsung, ETRI) think that Msg5 repetition should be an independent feature of any other repetition related features (Msg1/Msg3 repetition). 
Companies are welcomed to provide your views on if any signalling/configuration for Msg3 repetition can be also applied to Msg5 repetition at the same time (e.g., Msg5 repetition is also requested when Msg3 repetition is requested, the repetition times list of Msg3 repetition can be also applied to Msg5 repetition, etc.) in the following table.
	Company
	views

	Spreadtrum
	We are not clear on the intention, especially separate request and indication of MSG5 are proposed in the previous proposals. 

	China Telecom
	Regardless of whether Msg3 and Msg5 repetition can be bundled, an independent procedure should be defined for Msg5 repetition first. This issue can be treated with low priority.

	Ericsson
	Similar view as China Telecom.

	Lenovo
	We think Msg5 repetition is also requested when times list of Msg3 repetition can be also applied to Msg5 repetition if same values are supported

	CATT
	We think Msg 3 repetition and Msg5 repetition should be independent. 

	OPPO
	We would like to consider this kind of combination. The reason is due to the too many fragmentations of repetition enhancement was introduced. If no strong benefit to support those separately, better to bond some of them.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	Msg5 repetition should be an independent feature of any other repetition related features.
Msg5 may have different number of RB allocation, different MCS than Msg3. In addition, Msg3 PUSCH is also not yet contention resolved. So, the repetition number configured for its PUSCH may be impacted by collision. Msg5 is PUSCH after contention resolution. In this sense the Msg3 rep feature and Msg5 rep feature should be separated. 
Also, for case 2, we don’t see any motivation to bundle Msg3 repetition with PUSCH repetition. 

	Sharp
	We see there is a clear connection between Msg3 repetition and Msg5 repetition. When UE requests Msg3 repetition, this indicates that UE is with poor channel condition and would need coverage enhancement. Based on this indication, gNB can make appropriate decision on the number of repetitions for Msg5 transmission.  

	Tejas Networks
	We think that the repetition configurations can be reused by Msg5 repetition, if both Msg3 and Msg5 repetitions are requested at the same time.

	vivo  
	Independent feature should be supported in Rel-20.
In our view, there’s no coverage issue as long as we can live with a long delay for performing Msg5 retransmission which is already supported. Msg5 repetition, as well as Msg3 repetition, is mainly an enhancement of latency and DCI signaling overhead reduction compared to retransmission.


Issue#2-6: Other Issues 
Companies are welcomed to provide your comments on any other issues that is essential but not included in the above issues in the following table.
	Company
	Comments

	
	

	
	



3. 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 10: Rel-20 supports to extend pi/2-BPSK to more MCS entries only in Table 6.1.4.1-1 (64QAM MCS table).

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

	Huawei, Hisilicon
	Proposal 13: Extend the MCS entries for pi/2-BPSK in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214 to support the maximum achievable SE = 0.8770 up to IMCS = 6 and IMCS = 12, respectively.

	Xiaomi
	Proposal 7: 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) 
· Consider both 64 QAM table and 64 QAM lowSE table 
· The scope of application of the feature  
· Only focus on DFT-s-OFDM PUSCH, as specified in Rel-15

	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.

	China Telecom
	Proposal 14: Support extending pi/2-BPSK to more MCS entries applying to both MCS tables in current specs, which the evaluation can focus on Table 6.1.4.1-1 as the start point.

	Panasonic
	Proposal 10: Support to extend pi/2-BPSK to MCS indexes 2, 3, and 4 in such as Table 6.1.4.1-1, TS 38.214. 
· Extending pi/2-BPSK to MCS index 5 can also be considered.
Proposal 11: The simultaneous operation of extension of pi/2-BPSK and low-SE MCS table would not be required.

	Apple
	To align with the WID's objective of improving cell-edge UE data rates, the DFT-s-OFDM MCS table for 64QAM should be enhanced

	Qualcomm
	Focusing on Table 6.1.4.1-1, it is clear that pi/2 BPSK can be applicable to MCS entries no higher than MCS 6. Beyond this, the code rate for pi/2 BPSK begins to exceed 1 and is therefore an invalid configuration. 

	Ericsson
	[bookmark: _Toc210337396]Proposal 25: 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. 

	NTT DOCOMO
	Proposal 9: For extension of pi/2-BPSK to more MCS entries, 
· Follow legacy pi/2-BPSK application approach in Rel-15 to more MCS entries, i.e., support RRC-based switching between pi/2-BPSK and other exiting modulation order(s)
· Support to consider entries on Table 6.1.4.1-1 in TS 38.214
· Open to consider Table 6.1.4.1-2 (qam64lowSE)
· Open to consider any of the exiting modulation orders for switching with pi/2-BPSK


FL Observations:
In current specs, there are two MCS tables defined for PUSCH, i.e., Table 6.1.4.1-1 (64QAM table) and Table 6.1.4.1-2 (64QAM lowSE table), in TS 38.214. As per justification, extending pi/2-BPSK targeting to improve the coverage of scenario with high UL date rate, e.g., 5Mbps, extend pi/2 BPSK should at least be applied to ‘64QAM’ table. 
Companies (Spreadtrum, UNISOC, vivo, Panasonic, Apple, Qualcomm, Ericsson) prefer to extending pi/2-BPSK to more MCS entries only in 64QAM table. While companies (Huawei, Hisilicon, Xiaomi, China Telecom, NTT DOCOMO) are fine to further considering extending pi/2-BPSK to more MCS entries also in 64QAM lowSE table. Based on companies, the following proposal is provided by FL for discussion.
FL’s Proposal 3-1:
Extending pi/2-BPSK to more MCS entries when Table 6.1.4.1-1 in TS 38.214 is applied.
· FFS: whether extending pi/2-BPSK to more MCS entries when Table 6.1.4.1-2 in TS38.214 is applied.
Companies are welcomed to provide your comments on FL’s Proposal 3-1 and preference on whether extending pi/2-BPSK to more MCS entries in lowSE table in the following table.
	Company
	Y/N
	Comments and preferences

	Spreadtrum
	Y
	Support. 
For FFS, we do not think Table 6.1.4.1-2 enhancement is necessary. Because qam64LowSE MCS table is designed for URLLC with very low spectrum efficiency and more entries for pi/2-BPSK/QPSK. Thus high uplink date rate required by new emerging commercial use cases has no impact on URLLC MCS table

	China Telecom
	Y
	From the perspective of motivation, support Table 6.1.4.1-1 is enough. 
But extending such enhancements to lowSE table is also feasible since they share the same SE except the first few MCS entries already support pi/2-BPSK. So supporting both tables is also fine for us.

	Apple
	Y
	We don’t see the strong motivation to update the table 6.1.4.1-2.

	QC
	Y
	Same views as Apple.

	Ericsson
	Y
	Given that the motivation of the WID is to support higher data rate applications, we believe that the extension of pi/2-BPSK corresponding to Table 6.1.4.1-1 is sufficient. Further extension of pi/2-BPSK to Table 6.1.4.1-2 can be discussed if there is a clear motivation, considering the additional specification effort involved.

	Huawei, HiSilicon
	N
	In our view, the first topic to discuss is to consider the simulation results submitted by the different companies in order to see where the benefit of extending the MCS entries for pi/2-BPSK.

As we have proposed based on our simulation results, both Table 6.1.4.1-1 and Table 6.1.4.1-2 need to be extended to more MCS indexes for pi/2-BPSK.

The extension of both tables has already been done in the past without needing to have different consideration for extending both, i.e., the MCS entries of both tables were extended. Moreover, extending both tables do not require any additional specification work in RAN1 (same principle in both tables) or any other WGs since we are extending the tables to have the same Spectral Efficiency (SE) as the already existing tables.

Moreover, the WID justification and motivation does not introduce any constraints or requirements on the type of scenarios/use cases on which this extension is needed.

Therefore, we propose to modify the proposal as follows:

Extending pi/2-BPSK to more MCS entries when Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214 are applied.
· FFS: whether extending pi/2-BPSK to more MCS entries when Table 6.1.4.1-2 in TS38.214 is applied.


	CATT
	Y
	We think the extending pi/2-BPSK can be applicable to the lowSE table since both table share same SE and target date rate. 

	ZTE
	Y
	We are OK with the proposal.
And we don’t think it is needed to support extending pi/2-BPSK to more MCS entries to Table 6.1.4.1-2.

	OPPO
	Y
	We can first consider the table 6.1.4.1-1.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	Y
	No strong motivation to update the table 6.1.4.1-2.

	Sharp
	Y
	Support

	Tejas Networks
	Y
	For FFS, we think that the extension of pi/2 BPSK entries for Table 6.1.4.1-1 is sufficient. However, extending the discussion to Table 6.1.4.1-2 for the pi/2-BPSK case can be considered if a clear motivation is established.

	vivo  
	
	pi/2 BPSK is supported in both tables already, and the extension should be determined based on the spectrum efficiency values evaluated. And it actually has nothing to do with the MCS table itself.


Issue#3-2: Performance gain derived from power boosting when pi/2-BPSK is adopted
Companies’ views on Issue#3-2 can be found as follows.
	Company
	Opinions

	vivo
	Observation 14: The overall coverage gain of pi/2 BPSK over QPSK is independent from the PRB allocation.
Observation 15: 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.
Observation 16: 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.
Proposal 9: pi/2 BPSK extension UE capability should be reported, and the target UEs are of PC3 only.

	ZTE, Sanechips 
	[bookmark: _Ref210031149]Observation 10: QPSK modulation has a higher PAPR value compared to pi/2-BPSK requiring additional power back-off for the UE UL transmissions.

	Huawei, Hisilicon
	Based on our simulations and using as baseline the following Table 2 from TS 38.101-1 which indicates the MPR table for Power Class 3 (PC3) UE, we highlight the following: 
· The pi/2-BPSK modulation achieves an additional 1dB power gain for the case without power-boosting capability when compared to QPSK modulation values as shown in Table 2. 
· Using the values of pi/2-BPSK outer RB MPR=0 and QPSK outer RB MPR= 1 given in Table 2 and using the transmit power of 23 dBm for PC3 UEs for both modulations in the non-power-boosting scenario, we have the following:
· For pi/2-BPSK: Tx Power – MPR = 23 – 0 = 23 dBm.
· For QPSK: Tx Power – MPR = 23 – 1 = 22 dBm.
· Additionally, the pi/2-BPSK modulation achieves an additional 2.8dB power gain when power-boosting is enabled for pi/2-BPSK compared to the QPSK modulation values as shown in Table 2.
· Using the values of pi/2-BPSK outer RB MPR= 1.2 and QPSK outer RB MPR= 1 given in Table 2 and using as reference the transmit power of 26 dBm for pi/2-BPSK (powerBoosting-pi2BPSK UE capability, see NOTE 1 in Table 2), we have the following:
· For pi/2-BPSK: Tx Power – MPR = 26 – 1.2 = 24.8 dBm.
· For QPSK: Tx Power – MPR = 23 – 1 = 22 dBm.

	Xiaomi
	Observation 1: The extension of π/2-BPSK to additional MCS entries is only applicable to UEs that:
· Support the powerBoosting-pi2BPSK capability,
· Operate in bands n40, n41, n77, n78, or n79, and
· Belong to Power Class 3 (23 dBm).
Under these conditions, such UEs can achieve a power boosting gain of approximately 2.8 dB, primarily due to the significantly reduced MPR.

	Nokia
	For UE indicating power boosting, the situation is more complex since it depends on hypotheses related to whether the UE is a PC3 device and operating in TDD bands for which 26 dBm reference power applies, or whether UE can boost QPSK up to 1 dB above 23 dBm using transparent techniques and so on.

	CATT
	Observation 2：For a power class 3 UE, pi/2 BPSK can have extra 2.8 dB gain than QPSK due to power boosting. 

	Ericsson
	[bookmark: _Toc210336450]Observation 43: When a UE does not support power boosting, the power gain of pi/2-BPSK over QPSK ranges can be up to 1 dB, while with power boosting, the gain can be up to 2.8 dB when the upper bound of MPR values are applied to the maximum transmit power of a PC3 UE. 


FL Observations:
According to Table 6.2.2-1, an extra power gain can be acquired when pi/2-BPSK is applied due to the lower PAPR compared with QPSK for PC3 when DFT-s-OFDM is used. As pointed by companies, the power gain can be up to 2.8dB when power boosting is adopted (vivo, ZTE, SaneChip, Huawei, Hisilicon, Xiaomi, Nokia, CATT, Ercssion), while this power gain will reduce to only 1 dB if there is no power boosting (Huawei, Hisilicon, Ericsson). This power gain is the main source of where the performance gain applying pi/2-BPSK derived from. Therefore, to maximum the performance gain be acquired, the following proposal is provided for discussion.
FL’s Proposal 3-2:
Extending pi/2-BPSK to more MCS entries for PC3 UE using DFT-s-OFDM with power boosting. 
· FFS: whether extending pi/2-BPSK can be applied to PC3 UE using DFT-s-OFDM without power boosting.
Companies are welcomed to provide your comments on FL’s Proposal 3-2 and preference on whether to extend pi/2-BPSK to more MCS entries if power boosting is not used in the following table.
	Company
	Y/N
	Comments and preferences

	China Telecom
	Y
	For UE w/ or w/o power boosting, the MCS entries can be extended to is different, but this can be scheduled by gNB. Thus, we think it can also be applied to UE without power boosting.

	QC
	N
	No need to restrict this feature to only PC3 UEs with or without power boosting. For UEs of any power class, a UE can transmit pi/2 BPSK waveform at a higher power than QPSK waveform. 
We should not make decisions only based on MPR tables. MPR tables only set the maximum allowed power reduction and commercial UEs can do better. Note that RAN4 specs allow a UE to transmit up to 2 dB above the power class power level (i.e., tolerance is 2 dB).

	Ericsson 
	Y
	Support in principle. The extension of pi/2-BPSK with power boosting should be supported for PC3 UEs. For cases without power boosting, a conclusion can be reached after simulation results are available. However, since the WID does not explicitly restrict the extension to PC3 UEs, there should be a common understanding that the extension of pi/2-BPSK to UEs of other power classes is precluded.

	Huawei, HiSilicon
	N
	In our view both the power boosted and the non-power boosted shall be considered for extension.
As we have indicated in our contribution, there is a power gain of 1dB even for the case where there is no power-boosting and the work needed to support both cases (power and non-power boost UEs) is the same, so no additional complexity introduced.

	CATT
	Y
	

	ZTE
	Y
	Support.

	OPPO
	
	We have not study the PI/2 related to power class.
Further, if we decide the MCS table could be different power class, the specification have to restrict some MCS table only valid for certain power class. And this could be problematic.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	N
	No need to restrict this feature to PC3 UE with power boosting. 
MPR is used to calculate the upper and lower bound of PCMAX,f,c, but the PCMAX,f,c is set by UE itself. Moreover, the actual transmission power is related to, but might be still different from PCMAX,f,c. due to the regulation restriction or UE state (e.g., UE battery state, overheating). 
So, we suggest to not limit this feature to a certain group of UEs based on PC and MPR. 

	Sharp
	Y
	

	vivo  
	Y
	The extension is only necessary when gain is seen obvious, i.e. for the cases mentioned in FL’s proposal.



Issue#3-3: General considerations on extension of pi/2-BPSK to MCS entries 
Companies’ views on Issue#3-3 can be found as follows.
	Company
	Opinions

	vivo
	[bookmark: _Ref209729594]Proposal 13: pi/2 BPSK extension should be able to be enabled or disabled via separate RRC signaling in PUSCH-Config, which is only needed for PC3 UEs.

	ZTE, Sanechips
	[bookmark: OLE_LINK9]Proposal 15: The extension of pi/2-BPSK to more MCS entries mechanism specified in Rel-20 should focus on PUSCH transmission of UEs in RRC connected state. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Proposal 16: A clarification on the target date rate and performance gain should be made before making any specific decision on extending pi/2-BPSK to more MCS entries. 

	Tejas
	Proposal 8: Study of the impact of introducing additional MCS entries on spectral efficiency and overall network performance. The study should aim to quantify the associated gain and assess their justification for potential inclusion in the specification.

	China Telecom
	Proposal 15: The MCS entry extended to pi/2-BPSK with maximum MCS index in two tables should share the same spectral efficiency.
Proposal 16: When extending the pi/2-BPSK to a specific MCS entry, the target code rate should be modified at the same time to keep the spectral efficiency the same. 

	KT
	Proposal 9: An additional RRC parameter to apply additional use of pi-2 BPSK is adopted.

	Panasonic
	Proposal 12: 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 RNTI for CRC scrambling PDCCH scheduling corresponding PUSCH.

	Offino
	One issue is the scope of MCS entries. Since π/2-BPSK is a QPSK-based modulation, the natural candidates for extension are QPSK MCS entries with low coding rates. 
Proposal 8. It is proposed that RAN1 discusses the scope of MCS entries for π/2-BPSK extension.
Proposal 9. It is proposed that RAN1 discusses signaling options for π/2-BPSK extension.

	ETRI
	[bookmark: _Ref210290737]Proposal 13: Re-interpret the current MCS index table by introducing more π/2-BPSK indices among QPSK indices.
[bookmark: _Ref210290740]Proposal 14: Enhanced MCS index table can be applied to RRC idle mode as well.

	Lenovo
	Proposal 9：For a new MCS table could be determined based on the existing MCS table by configuring a number of entries supporting pi/2 BPSK.
[bookmark: OLE_LINK3]Proposal 10：UE should determine to use the legacy MCS table or the new MCS table with more entries supporting pi/2 BPSK for transmission based on gNB’s indication.

	Apple
	Proposal 9: The same spectral efficiency is kept for both Pi/2 BPSK and QPSK in the extending pi/2 BPSK entries. 
Proposal 10: 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

	NTT DOCOMO
	Proposal 10: For extension of pi/2-BPSK to more MCS entries, 
· Support a new RRC parameter to switch between pi/2-BPSK and other existing modulation scheme(s)
Only one UE capability signalling (feature group) is necessary


FL Observations:
Companies (vivo, KT, Panasonic, Offino, Lenovo, Apple, Qualcomm, NTT DOCOMO) propose that a separate RRC parameter should be introduced to indicate UE using the MCS with extended modulation scheme. Based on the opinions, the following proposal is provided for discussion. 
FL’s Proposal 3-3a:
Introduce a new RRC parameter to indicate UE the enable of extending pi/2-BPSK to more MCS entries.
Companies are welcomed to provide your comments on FL’s Proposal 3-3a in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	

	Apple
	Y
	

	QC 
	Y
	

	Ericsson 
	Y
	

	Huawei, HiSilicon
	Y with comments
	We are supportive of introducing a new RRC parameter. Nevertheless, we propose to clarify that the new RRC parameter introduced in R20, should reuse the same logic as the existing RRC parameter (tp-pi2BPSK in PUSCH-config).

	CATT
	Y
	

	ZTE
	Y
	Support.

	OPPO
	Y
	

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	Y
	

	Sharp
	Y
	

	Tejas Networks
	Y
	

	vivo  
	Y
	



FL Observations:
Besides, according to the examples given in contributions, and as proposed by companies (Spreadtrum, UNISOC, China Telecom, Apple), when extending pi/2-BPSK to more entries, the code rate should be modified at the same time to keep spectral efficiency the same. Thus, the following proposal is given for discussion. 
FL’s Proposal 3-3b:
When extending pi/2-BPSK to more MCS entries, the code rate should be modified to keep spectral efficiency the same. 
Companies are welcomed to provide your comments on FL’s Proposal 3-3b in the following table.
	Company
	Y/N
	Comments

	Spreadtrum
	Y
	

	China Telecom
	Y
	

	Apple
	Y
	

	QC
	Y
	

	Ericsson
	Y
	Support. Since the extension of pi/2-BPSK applies to MCS indices corresponding to QPSK modulation (q = 2), the target code rate should be doubled to maintain the same spectral efficiency.

	Huawei, HiSilicon
	Y
	

	CATT
	Y
	

	ZTE
	Y
	Support.

	OPPO
	Y
	

	Sharp
	Y
	

	Tejas Networks
	Y
	

	vivo  
	Y
	This is obvious.



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 11: Pi/2 BPSK is extended to MCS2/3/4/5 entries instead of QPSK with the same spectrum efficiency

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

	Huawei, Hisilicon
	[bookmark: _Ref210031152][bookmark: _Ref209780206]Observation 12: Extending the MCS index value 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 the required UL data rate as indicated in the WID, i.e., > 5 Mbps.
Proposal 17: Extend the MCS entries for pi/2-BPSK in Table 6.1.4.1-1 and Table 6.1.4.1-2 in TS 38.214 to support the maximum achievable SE = 0.8770 up to IMCS = 6 and IMCS = 12, respectively.

	Nokia
	Proposal 9. 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. 

	China Telecom
	Proposal 17: The maximum MCS index of MCS entry with pi/2 BPSK extended to in Table-1 and Table-2 is 6 and 12 respectively. 

	KT
	Proposal 8: The spectral efficiency is preserved from the change of modulation order, and the resulting code rate not exceeds 1.
Proposal 10: The range of MCS index to additionally adopt pi-2 BPSK is IMCS 2-4 for Table 6.1.4.1-1 and IMCS 6-10 for Table 6.1.4.1-2.

	Panasonic
	Proposal 10: Support to extend pi/2-BPSK to MCS indexes 2, 3, and 4 in such as Table 6.1.4.1-1, TS 38.214. 
· Extending pi/2-BPSK to MCS index 5 can also be considered.

	Qualcomm
	Observation 3: When using the MCS Table 6.1.4.1-1, MCS entries higher than MCS 6 are not applicable for pi/2 BPSK. 
Proposal 15: Rely on UE capability indication to determine the range of MCS entries that are applicable for pi/2 BPSK. Consider one of the following two options: 
· Option 1: A support of Pi/2-BPSK modulation for higher MCS values with a UE recommendation of the maximum MCS values.
· Option 2: A support of Pi/2-BPSK modulation up to a certain MCS value

	Ericsson
	[bookmark: _Toc210337395]Proposal 24: Discuss whether to support pi/2-BPSK for MCS indices 2-6, or only a subset of these indices, as specified in Table 6.1.4.1-1 of TS 38.214.


FL Observations:
As pointed by companies (KT, China Telecom, Ericsson, Qualcomm), the code rate shouldn’t be larger than 1, thus the maximum index of MCS entries pi/2-BPSK can be extended to is 6 for 64QAM table, and 12 for lowSE table if supported.
Companies’ view on which MCS entries pi/2-BPSK can be extended to are summarized as follows:
For 64QAM table, if power boosting is applied, companies providing preference (Spreadtrum, UNISOC, vivo, Huawei, Hisilicon, KT, Panasonic, Nokia) agree that indexes 2-5 of MCS entries can be applied; otherwise, only indexes 2/3 of MCS entries can be applied. And whether to support MCS entries with index 6 is controversial since the performance gain is relative limited. 
For 64QAM with lowSE table, if supported, companies who provide preference (vivo, Huawei, Hisilicon, KT) agree that MCS entries with index 6-10 can be supported, whether to support MCS entries with index 11 and 12 is controversial since the performance gain is relative limited.
From FL’s point of view, when decide which MCS can apply pi/2-BPSK, the power boosting should be taken into consideration since it is the main source where performance derived from. Thus, the following proposal is provided according to companies’ contributions. 
FL’s Proposal 3-4:
For extending pi/2 BPSK to more MCS entries:
· Pi/2-BPSK is extended to MCS indexes 2 to X(5<=X<=6) when MCS Table 6.1.4.1-1 is applied.
· FFS: value of X
· Pi/2-BPSK is extended to MCS indexes 6 to Y(10<=Y<=12) when MCS Table 6.1.4.1-2 is applied, if supported
· FFS: value of Y
Companies are welcomed to provide your comments on FL’s Proposal 3-4 in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y
	The value can be decided according to further input of simulation results.

	QC
	Y/N
	Different UEs may have different max power levels for pi/2 BPSK and QPSK. We suggest that this X be set in a UE-specific manner with adequate input from the UE on best choice of X.

	Ericsson
	Y
	Similar view as China Telecom. Furthermore, if the extension of pi/2-BPSK is limited to Table 6.1.4.1-1, the simulations should also be limited to Table 6.1.4.1-1.

	Huawei, HiSilicon
	N
	In our contribution, we have provided simulations that show that extending the MCS index up to 6 for Table 6.1.4.1-1 and the MCS index up to 12 for Table 6.1.4.1-2 provides a net gain in total power.

Therefore, we propose to not have the FFS in this proposal and follow the simulation results provided by the different companies which show benefits of extending the MCS index up to 6 and 12. Also based on our view in Proposal 3.1 we propose that Table 6.1.4.1-2 shall be supported for extension.

FL’s Proposal 3-4:
For extending pi/2 BPSK to more MCS entries:
· Pi/2-BPSK is extended to MCS indexes 2 to 6(5<=X<=6) when MCS Table 6.1.4.1-1 is applied.
· FFS: value of X
· Pi/2-BPSK is extended to MCS indexes 6 to 12(10<=Y<=12) when MCS Table 6.1.4.1-2 is applied, if supported
· FFS: value of Y


	CATT
	Y
	

	ZTE
	N
	We suggest postpone the discussion of this proposal. Since more evaluation results under an agreed simulation assumption are needed to help us determine the specific MCS indexes.

	Samsung	Comment by Nan Qu/PHY Standard&Research Lab /SRC-Beijing/Engineer/Samsung Electronics: SS view
	
	Suggest to clarify if X is the maximum MCS index from NW point of view, or the actual MCS index for each UE point of view. 
If X is the maximum value, it can be decided according to the LLS imput.
If X is the actual MCS index for each UE, it can be configured by gNB. Different data rate can correspond to many aspects, e.g., the services (with different QoS/QoE requirement), resource availability, channel conditions, UE type, etc. In general, the “high uplink data rate” is not a fixed requirement. 

	Sharp
	Y
	

	Tejas Networks
	Y
	Similar view as Ericsson. The values of X and Y should be studied based on simulation results.

	vivo  
	Y
	Fine to let more companies to perform more evaluations to make a final decision of values of X and Y e.g. in next meeting.
Evaluations should focus on overall coverage gain in a range of spectrum efficiency values and this has nothing to do with MCS tables.


Issue#3-5: LLS methodology and results
Companies’ views on Issue#3-5 can be found as follows.
	Company
	Proposals

	ZTE, Sanechips
	Proposal 17: Define key simulation assumptions (such as RB numbers, channel types, and target data rate) to evaluate the performance of extending pi/2-BPSK to more MCS entries.

	vivo
	[bookmark: _Ref210117876]Observation 18: 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 19: 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
	[bookmark: _Ref208343314][bookmark: _Ref208343290][image: ]Figure 1: BLER evaluation for pi/2-BPSK and QPSK modulation with the same SE (double code rate for pi/2-BSPK)

	Nokia
	[bookmark: _Ref209800990]Table 1. 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




	CATT
	[image: ]
Figure 2: The performance of pi/2-BPSK and QPSK 
Observation 3: For the MCS index in the MCS table without low SE, 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 MCS index 5, the performance loss is about 2 dB;
· For the MCS index 6, the performance loss is about 3.1 dB. 
Proposal 9：For the MCS table without low SE, the MCS index of pi/2-BPSK could be extended to the index up to 5.
· FFS：Whether to extend pi/2-BPSK to more MCS indexes for the MCS table with low SE

	Ericsson
	[image: A graph with red and blue dots

AI-generated content may be incorrect.]


FL Observations:
The simulation provided by companies are summarized in above table, according to which MCS entries can be extended with pi/2-BPSK are recommended. It is common understanding that the total performance gain including the net performance gain/loss and power gain due to lower RSRP (w/ or w/o power boosting). Though different evaluation methodologies are used, according to the results, for indexes smaller than 5 in Table 6.1.4.1-1, the total performance gain are obvious, especially when power boosting is adopted. However, FL think that more simulation results can be more essential to decide whether the pi/2-BPSK can be extended to MCS 6 in Table 6.1.4.1-1. Thus, the following proposal is provided for discussion.  
FL’s Proposal 3-5:
LLS should be conducted to decide which MCS entries pi/2-BPSK can be extended to.
· Both net performance gain and power gain due to lower RSRP should be taken into consideration.
· Note: net performance gain refers to the performance gain/loss when using pi/2-BPSK compared with QPSK; power gain refers to the performance acquired due to the low PAPR of pi/2-BPSK compared with QPSK.
Companies are welcomed to provide your comments on FL’s Proposal 3-5 and opinions on which simulation methodology/assumptions should be aligned in the following table.
	Company
	Y/N
	Comments

	China Telecom
	Y 
	

	Ericsson
	Y
	Support in principle. However, we believe there should be further discussion on the definition and motivation of ‘net performance gain’, since the main advantage of pi/2-BPSK arises from ‘power gain’.

	Huawei, HiSilicon
	Y
	In our view, it is critical to consider the simulation results provided by the different companies and the net gain obtain in their simulations when deciding on extending the MCS index (and the values for the extension) for both tables for pi/2-BPSK modulation.

Therefore, we support that the decision on extending the MCS indexes for pi/2-BPSK are based on the provided simulations and based on the net performance gain and power gain.

	CATT
	
	Support in principle. But what the net performance gain refers to is unclear for us. 

	ZTE
	Y
	Support.

	OPPO
	Y
	With this proposal, the Proposal 3-4 can be on hold.

	Samsung
	
	According to RAN4 requirement, for UE with power boosting, 40% or less symbols in certain evaluation period are used for UL transmission. It should be taken into consideration in simulation to investigate if there is any performance loss in a certain evaluation period due to the 40% or less available resources for UL.

	Tejas Networks
	Y
	

	vivo  
	Y
	The terminology of “net performance gain” is a bit too broad if it is only for power boosting gain.


Issue#3-6: 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

	
	

	
	



4. Online proposals
The following proposals are going to be discussed in Monday’s online session.

The following proposals are going to be discussed in Wednesday’s online session.

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

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