Page 1
3GPP TSG RAN WG1 #105-e                                                R1-2106007
e-Meeting, May 10th – 27th, 2021
		
Agenda item:	8.8.3
Title: 	Feature lead summary #1 on support of Type A PUSCH repetitions for Msg3
Source: 	Moderator (ZTE Corporation)
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
[bookmark: _Toc529013720]One objective of the coverage enhancement WID is to specify mechanism(s) to support Type A PUSCH repetitions for Msg3. This contribution provides a summary of proposed Msg3 enhancements in contributions submitted under AI 8.8.3 and AI 8.8.4. 
2. Summary of Tdocs 
2.1  Differentiation and triggering mechanisms for Msg3 repetition
In RAN1#104b-e, the following agreements were reached regarding the differentiation mechanism between UEs with and without CE and the triggering mechanism for Msg3 repetition. 
	Agreement: For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.


Issue#1: Differentiation mechanisms for Msg3 repetition
As agreed, there are two candidate directions for differentiation from a UE requesting Msg3 PUSCH repetition, i.e., separate RO or separate preamble with shared RO. In this section, companies’ detailed views are summarized as follows. 
·  Option 1: Separate preamble with shared RO
· [1, Huawei, HiSilicon], [3, Spreadtrum Communications], [4, ZTE], [5, vivo], [8, Xiaomi], [9, InterDigital], [10, Intel], [12, Qualcomm], [14, Samsung], [18, Sharp], [21, Lenovo, Motorola Mobility]
· [1, Huawei, HiSilicon]: Separate preamble with shared RO for the case of one SSB associated one RO.
· [5, vivo]: PRACH preambles should be mapped after 4-step CBRA preambles and 2-step CBRA preambles if configured without impacting the mapping criterion of 4-step and 2-step CBRA preambles.
· [12, Qualcomm]: RAN1 should discuss what type of RO that UE can share to request repetition via PRACH in shared RO (e.g., RO for 4-step RACH only or RO for 2-step RACH only or both). 
·  Option 2: Separate RO with separate PRACH configuration
· Support: [3, Spreadtrum Communications], [5, vivo]?, [6, CATT], [9, InterDigital], [10, Intel], [12, Qualcomm], [16, Nokia/NSB]?, [18, Sharp], [21, Lenovo, Motorola Mobility], [22, LG]
· [5, vivo]: A new RNTI computation method is necessary.
· [12, Qualcomm]: RAN1 should discuss whether this RO can be shared for Redcap UE to send identification via PRACH or not. 
· [22, LG]: If less number of ROs for CE than that of ROs for legacy RACH is configured, gNB should configure appropriate number of RO for CE which can guarantee that same SSB indices is mapped to ROs for CE and ROs for legacy RACH in the same time resource.
·  [6, CATT], [7, China Telecom]: Using the remaining ROs not used for legacy PRACH transmission. The number of remaining ROs for each PRACH configuration is summarized in Table 4 in [6, CATT]. 
· Not support: [4, ZTE], [14, Samsung]
·  Option 3: Separate RO for the case of one SSB associated multiple ROs
· [1, Huawei, HiSilicon]?, [16, Nokia/NSB]?
· FL comments: If only a sub-set of ROs are used for legacy initial access and the other sub-set of ROs are used for requesting Msg3 repetition, it seems not backward compatible. Because a legacy UE shall be able to use all ROs for initial access in case of one SSB associated multiple ROs. If the intention is to introduce a RO mask (e.g., msgA-SSB-SharedRO-MaskIndex introduced for 2-step RACH) to use a sub-set of ROs of all ROs for requesting Msg3 repetition in case of one SSB associated multiple ROs, it can be covered under Option 1.  
[bookmark: _Hlk71388720][17, Ericsson], [23, WILUS]: Reuse as much as possible the PRACH configuration mechanism that has been used for differentiating 2-step RACH and 4-step RACH in NR Rel-16.
[19, CMCC]: A coverage level information could be provided by UE to facilitate the decision of repetition numbers at gNB. 
Based on the input, one option or both Option 1 and Option 2 can be supported. The following proposal can be a starting point for further discussion. 
Proposal 1: For Msg3 PUSCH repetition, support one or both the following two options.
·  Option 1: Separate preamble with shared RO by using the same PRACH configuration with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether RO for UE request is shared with PRACH in 4-step RACH only and/or with PRACH in 2-step RACH only).
·  Option 2: Separate RO with separate PRACH configuration from legacy UEs.
· FFS using the remaining ROs (if any) that cannot be used by legacy rules for PRACH transmission.
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Issue#2: Conditions of requesting Msg3 repetition
In 2-step RACH, an RSRP threshold (msgA-RSRP-Threshold) is introduced for selecting between 2-step RACH and 4-step RACH. When both RACH procedures are configured, 2-step RACH is selected only when the RSRP of the downlink pathloss reference is above the RSRP threshold. Once the RACH type is determined, Rel-15/16 UE first selects an SSB according to msgA-RSRP-Threshold or rsrp-ThresholdSSB. Then, the UE selects a PRACH preamble in an RO randomly among the PRACH preambles/RO associated with the selected SSB. 
	>	else if the BWP selected for Random Access procedure is configured with both 2-step and 4-step RA type Random Access Resources and the RSRP of the downlink pathloss reference is above msgA-RSRP-Threshold; or
1>	if the BWP selected for Random Access procedure is only configured with 2-step RA type Random Access resources (i.e. no 4-step RACH RA type resources configured); or
1>	if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP selected for Random Access procedure:
2>	set the RA_TYPE to 2-stepRA.



Similarly, new RACH selection needs to be discussed for RACH procedure with Msg3 repetition. Regarding the conditions to trigger Msg3 repetition, companies’ views are summarized as follows.
· Option 1: If the RSRP of the downlink pathloss reference is lower than rsrp-ThresholdSSB. 
· [4, ZTE]
· Option 2: If the RSRP of the downlink pathloss reference is lower than a new SIB1 configured RSRP threshold.
· [4, ZTE], [5, vivo], [9, InterDigital], [10, Intel], [18, Sharp]?, [21, Lenovo, Motorola Mobility]
· [4, ZTE], [5, vivo]: The new RSRP threshold is lower than rsrp-ThresholdSSB. 
· [18, Sharp]: If the new introduced RSRP threshold is not configured, the UE requests msg3 repetition (i.e., if the UE has capability). 
· FL comments: This is similar to the selection of SUL band for initial access. 
· Option 3: UE has failed for N RACH attempts in this RACH procedure.
· [5, vivo]
[12, Qualcomm]: FFS conditions depending on SS-RSRP and/or UE power class.
[18, Sharp]: An uplink BWP can be configured with a single PRACH resource which corresponds to msg3 repetition functionality. In the uplink BWP, the UE requests msg3 repetition without assessment of the measured path loss.
·  FL comments: This seems out of scope since it is essentially to use separate BWP for differentiation. 
Based on above summary, FL suggests to discuss the following proposal as a starting point. 
Proposal 2: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than a SIB1 configured RSRP threshold. 
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Issue#3: UE capability reporting after initial access procedure
If a UE requests Msg3 repetition, it implicitly means the UE reports its capability. However, gNB would not know how many of UEs in the cell is capable of Msg3 repetition. Many companies observe that allowing Rel-17 UEs report its capability of Msg3 repetition after initial access could be beneficial for gNB to optimize the PRACH configuration to reduce the collision probability. 
· UE capability of supporting Msg3 PUSCH repetition is reported after initial access procedure
· Support: [1, Huawei, HiSilicon], [3, Spreadtrum Communications], [4, ZTE], [7, China Telecom], [16, Nokia/NSB], [18, Sharp],[19, CMCC]
· Not support: [11, Apple], 14, Samsung]
· [14, Samsung]: Redcap will discuss the msg3 repetition as well, and likely they might have such capability as well, so whether this msg3 repetition will be separately listed from CE and Redcap is unknown.
· Postpone the discussion: [17, Ericsson]: [12, Qualcomm]
Based on the input, FL suggests to postpone the discussion on this issue in a later phase. 
2.2 Indication of the number of repetitions for Msg3 
Issue#4: Indication of the number of repetitions for Msg3 initial transmission
For Msg3 initial transmission, the following agreements were reached for repetition indication in RAN1#104bis-e. In addition, it was agreed in RAN1#104-e that any modifications of RAR UL grant for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR. 
	Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.



Companies’ detailed views on repetition indication for Msg3 initial transmission are summarized below. 
· Using existing bit fields in RAR UL grant. 
· TDRA bit field (i.e., PUSCH time resource allocation bit flied) with a new TDRA table including the repetition factors configured by SIB1: 
·  [ 2, OPPO], [4, ZTE], [5, vivo], [6, CATT], [7, China Telecom], [8, Xiaomi], [9, InterDigital], [13, Panasonic], [14, Samsung], [15, ETRI], [17, Ericsson], [18, Sharp], [19, CMCC], [20, NTT DOCOMO], [23, WILUS]
· MCS bit field
· [1, Huawei, HiSilicon], [11, Apple], [14, Samsung], [16, Nokia/NSB], [23, WILUS]
· TPC bit field
· [1, Huawei, HiSilicon], [8, Xiaomi], [12, Qualcomm], [16, Nokia/NSB], [23, WILUS]
· The reserved CSI request bit field
·  [6, CATT], [14, Samsung], [22, LG], [23, WILUS]
· FDRA bit filed is truncated and the remaining unused bits (e.g., originally for ChannelAccess-CPext) are used for the number of repetitions for Msg3 initial transmission. 
·  [10, Intel], [23, WILUS]
[21, Lenovo, Motorola Mobility]: To enable flexible scheduling of Msg3 with repetition and meet the requirement of backward compatibility of not impacting UE interpretation of RAR, the RAR for CE UEs is placed at the end of RAR MAC PDU and is interpreted as padding bits for legacy UEs. 
[16, Nokia/NSB]: MAC RAR can be considered as one complementary solution. While many other companies don’t support to use MAC RAR for repetition indication. 
Some companies support to use multiple bit fields for indication, e.g., supporting to use both TDRA bit filed and one bit field from other bit fields mentioned above. After one or more bit fields are chosen for indication, further details needs to be discussed, e.g., TDRA table selection, or how to interpret the bit flied for indication (legacy vs new repurposed bit fled), or which and how many MCS/TPC/FDRA index/value can be used for indication, or whether the candidate repetition factors are SIB1 configured or not etc. 
No matter which bit field in RAR UL grant is used, it would impact the indication flexibility of the corresponding bit field. The essence is which indication flexibility should be sacrificed. Based on this, FL suggests to proceed further discussion based on the following proposal. 
Proposal 3: Using existing bit fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission and down-select one or two bit fields from the following bit fields. 
· TDRA bit field with introducing a new TDRA table including the repetition factors.
· MCS bit field
· TPC bit field
· CSI request bit field
· FDRA bit filed
FFS details, e.g., TDRA table selection, or how to interpret the bit flied for indication (legacy vs new repurposed bit fled) etc. 
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Issue#5: Indication of the number of repetitions for Msg3 re-transmission
For Msg3 re-transmission, the following agreements were reached for repetition indication in RAN1#104-e. 
	Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.
Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
FFS details.
Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.
Option2: Can be determined based on the repetition number for Msg3 initial transmission



Companies’ detailed views on Option 1 for Msg3 re-transmission are summarized below. 
· Option 1: Using existing bit fields in DCI format 0_0 with CRC scrambled by TC-RNTI.
· TDRA bit field (PUSCH time resource allocation): 
·  [ 2, OPPO], [4, ZTE], [5, vivo], [6, CATT], [8, Xiaomi], [14, Samsung], [15, ETRI], [17, Ericsson], [18, Sharp], [20, NTT DOCOMO], [23, WILUS]
· MCS bit field
· [1, Huawei, HiSilicon], [23, WILUS]
· TPC bit field
· [1, Huawei, HiSilicon], [8, Xiaomi], [23, WILUS]
· HPN bit field (Reserved bit filed)
· [6, CATT], [10, Intel], [11, Apple], [12, Qualcomm]
· FDRA bit filed is truncated and the remaining unused bits are used for repetition indication. 
·  [23, WILUS]
Based on above input, FL suggests to proceed further discussion based on the following proposal. 
Proposal 4: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same indication method as supported for Msg3 initial transmission. 
· Option2: Use HPN bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
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Issue#6: Candidate values for Msg3 initial/re-transmission repetitions 
In Rel-16, the candidate values for the number of repetitions of PUSCH repetition Type A/B are copied as follows. The maximum number of repetitions would be further increased in Rel-17 as to be discussed in AI 8.8.1.1. 
	numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16}


For Msg3 repetition, the candidate values including the maximum number of repetitions should be discussed. 
· [1, Huawei, HiSilicon]: The maximal repetition number up to 16 can be considered for Msg3 PUSCH repetition. 
· [5, vivo]: Msg3 PUSCH repetition should support at least with 4 repetitions.
· [7, China Telecom]: Support at least {1, 2, 4, 8} for the repetition factors of Msg3 PUSCH repetition.
· [8, Xiaomi]: The maximum number of repetitions for type A PUSCH repetition in release 17 can be adopt for Msg.3 repetition.
· [16, Nokia/NSB]: Support at least {2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition. 
· [bookmark: _Toc68654287]Msg3 repetitions yield non-negligible coverage benefits which increase with the number of repetitions, however diminishing returns are observed for N>8.
Given the number of repetition to be supported highly depends on the discussion of other issues, e..g, the number of repetition based on available slot, FL suggests to postpone the discussion to later RAN1 meetings. 
2.3 Counting on the basis of available slots for Msg3 repetition
In RAN1#104-e, the following WA was reached for counting the number of repetitions on the basis of available slots for Msg3 repetition. 
	Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.


In Rel-15/16, the following conditions are considered for determining whether a PUSCH repetition should be omitted for regular PUSCH repetition type A.
	For PUSCH repetition Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Clause 9, Clause 11.1 and Clause 11.2A of [6, TS38.213]. 



The three Clauses (Clause 9, Clause 11.1 and Clause 11.2A), which have impacts on PUSCH transmission, are related to PUCCH overlapping, slot configuration/SFI and UL cancellation respectively. Companies’ views are summarized based on these related aspects. 
[bookmark: _Toc71571328][bookmark: _Toc71571147]At a high level, [1, Huawei, HiSilicon] proposes to further study the applicability of “enhancement on PUSCH repetition type A” for Msg3 repetition. [14, Samsung] proposes the reuse of the current Type A repetition for msg3 is preferred, while [16, Nokia/NSB] proposes to use Rel 17 logic to determine available slots for Msg3 transmission with repetition. [7, China Telecom] and [19, CMCC] propose to confirm the working assumption. 
Issue#7: Overlapping between PUCCH and Msg3 repetition
In Clause 9 of TS38.213, a UE does not transmit a PUSCH if it would overlap with PUCCH in some cases, e.g.,
· The PUSCH is without UL-SCH, and it overlaps with a PUCCH transmission on a serving cell that includes positive SR information. 
· The PUSCH is of low priority, and it overlaps with PUCCH with high priority. 
· The PUSCH overlaps in one or more slots with PUCCH repetition. 
The following background are provided in [4, ZTE], with the observations and proposals also copied below. 
	For Msg3 transmission, it was discussed in Rel-15 maintenance session in email discussion [103-e-NR-7.1CRs-06] in RAN1#103-e about the UE behavior in case Msg3 PUSCH overlaps with PUCCH carrying HARQ-ACK/UCI [RAN1#103-e, R1-2007802]. Many companies at that time thought overlapping between Msg3 PUSCH and PUCCH is not a typical case, and therefore there is no need to update Rel-15 specifications with the understanding that it’s up to UE implementation on whether to perform UCI multiplexing in such case. On the other hand, some other companies thought it needs to clarify that UCI is not multiplexed in the Msg3 PUSCH and it is up to UE implementation whether to transmit PUCCH or PUSCH. It can avoid blind decoding of PUSCH with or without UCI, though blind detection of PUCCH and PUSCH is still needed. This is similar to UE behavior specified in LTE and NR 2-step RACH. 
Observation 2: It becomes very difficult for gNB to avoid the overlapping between Msg3 PUSCH repetitions and a PUCCH carrying HARQ-ACK/CSI. 
Observation 3: If UCI is multiplexed on Msg3 PUSCH, it requires blind decoding of Msg3 PUSCH with or without UCI multiplexing as along as a PUCCH from any UEs in the same cell would overlap in time with the Msg3 PUSCH.  
Proposal 5: Msg3 PUSCH repetitions can be overlapped with a PUCCH carrying HARQ-ACK/CSI, and UCI is not multiplexed in the overlapped Msg3 PUSCH repetitions.
Proposal 6: For a given UE, if one or more Msg3 repetitions overlap with a PUCCH carrying HARQ-ACK/CSI, the UE transmits PUCCH and drops the overlapped one or more Msg3 repetitions. 
Proposal 7: If a Msg3 repetition is dropped due to overlapping with PUCCH, it would be counted as one repetition in the total number of repetitions for Msg3 transmission. 



[18, Sharp]: The determination of available slots shouldn’t be affected by scheduling/triggering of high priority PUCCH/PUSCH or cancellation indication. 
Based on above input, FL suggests to start the discussion with the following questions. 
Q 2.3-1: Do you think PUCCH carrying HARQ-ACK/CSI can be overlapped with Msg3 PUSCH repetitions? If it is allowed, what’s the expected UE behavior? Otherwise, how could the NW manage to avoid such collision especially for TDD case?
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Issue#8: Collision handing due to slot configuration (SFI is not configured)
If SFI is not configured, the following symbols are available symbols for Msg3 transmission according to current specification [4, ZTE]. 
· 1) Uplink symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated
· 2) Flexible symbols indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided.
· If a UE is only provided by tdd-UL-DL-ConfigurationCommon, and a symbol is indicated as flexible symbol by tdd-UL-DL-ConfigurationCommon, it is a common understanding that the flexible symbol can be used for Msg3 transmission.  
· If a UE is provided by both tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, and a symbol is indicated as flexible symbol by both tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, the flexible symbol is available for Msg3 transmission.
Meanwhile, the following symbols are not available for Msg3 transmission if SFI is not configured [4, ZTE].
· 1) Downlink symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated
· 2) Symbols configured for SSB transmission 
· Note that, a symbol for a CORESET for Type0-PDCCH CSS set indicated by pdcch-ConfigSIB1 in MIB can be indicated as flexible symbol by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, which can be used for Msg3 transmission. In other words, as long as it is a flexible symbol indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, it can be used for Msg3 transmission. 
When Msg3 PUSCH repetition is supported, whether the legacy rules can be applied should be further discussed. Companies’ views are summarized below.  
· Available UL slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon and symbols configured for SSB transmission
· UL symbols indicated by TDD-UL-DL-Configcommon is determined as available slots for Msg3 repetition.
·  [2, OPPO], [4, ZTE], [5, vivo], [6, CATT], [7, China Telecom], [10, Intel], [12, Qualcomm], [15, ETRI], [13, Panasonic], [23, WILUS]
·  DL symbols indicated by TDD-UL-DL-Configcommon or symbols configured for SSB transmission are not available for Msg3 repetition. 
· [4, ZTE], [10, Intel]
·  Regarding flexible symbols indicated by TDD-UL-DL-Configcommon: 
· [2, OPPO], [5, vivo], [12, Qualcomm]: Additional indication is considered to determine whether flexible slots indicated via TDD-UL-DL-Configcommon are available for Msg3 repetition.
· [5, vivo]: Similar as DCI format 2_0, support explicit indication, such as using RAR UL grant or DCI format 1_0 scrambled with RA-RNTI or DCI format 0_0 scrambled with TC-RNTI, to indicate the SFI of the upcoming slots. If at least one of the L allocated symbols in a slot are indicated as downlink or flexible, the slot is not available for type-A PUSCH repetition for Msg3.
· [12, Qualcomm]: A bit map can be signaled to indicate whether flexible symbols in a slot is considered for PUSCH repetition transmission or not.
· [13, Panasonic]: For Msg.3 initial transmission, UL grant scheduling Msg.3 is used for the indication of such slot. For Msg.3 retransmission, DCI format 0-0 with CRC scrambled by TC-RNTI is used for the indication of such slot.
· [4, ZTE], [17, Ericsson] proposes to further study the details. In [4, ZTE], it indicates that, if Msg3 repetition can be transmitted on flexible symbols, it becomes difficult for gNB to keep the same occasions for Msg3 transmission among different UEs. This would cause ambiguity on where the Msg3 repetition would be transmitted at gNB side. An example is shown in Figure 2.3.1. 
[image: ]
Figure 2.3.1 An example of transmission of Msg3 repetition.
· [23, WILUS]: For the first repetition of Msg3 PUSCH, a flexible symbol by tdd-UL-DL-ConfigurationCommon is used. For the remaining repetitions of Msg3 PUSCH, further study whether a flexible symbol by tdd-UL-DL-ConfigurationCommon is used or not.
· Available UL slots doesn’t depend on tdd-UL-DL-ConfigurationDedicated
· [18, Sharp], [4, ZTE], [6, CATT]?, [12, Qualcomm]?, [15, ETRI]?, [13, Panasonic]?
· FL understanding#1: For companies who also support Msg3 repetition can only be transmitted in UL symbols configured by tdd-UL-DL-ConfigurationCommon, they should be supportive that the available UL slots doesn’t depend on tdd-UL-DL-ConfigurationDedicated. 
· FL understanding#2: Even if a flexible symbol indicated by TDD-UL-DL-Configcommon can be used for Msg3 repetition (if agreed), no matter the flexible symbol is indicated as UL symbol or not by tdd-UL-DL-ConfigurationDedicated, the UE should still transmit Msg3 PUSCH repetition on this flexible symbol. If NW wants to avoid DL/UL interference, it’s better to not cause collision between Msg3 repetition and configuration of tdd-UL-DL-ConfigurationDedicated. 
Based on above input, it seems companies have common understanding that available UL slot for Msg3 PUSCH repetition should at least depend on TDD-UL-DL-Configcommon, while should not depend on tdd-UL-DL-ConfigurationDedicated. Whether and how to use the flexible configured by TDD-UL-DL-Configcommon can be FFS. Therefore, FL suggests to discuss the following proposal. 
Proposal 5: Available slot for Msg3 PUSCH repetition at least depends on TDD-UL-DL-Configcommon. 
·  UL symbols indicated by TDD-UL-DL-Configcommon is determined as available for Msg3 repetition.
·  FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon. 
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Proposal 6: Available slot for Msg3 PUSCH repetition doesn’t depend on tdd-UL-DL-ConfigurationDedicated for CBRA procedure. 
	Company
	Comments

	
	



Issue#9: Collision handing due to dynamic SFI
If dynamic SFI is configured, the Rel-15/16 legacy UE behavior for collision handling of Msg3 transmission is summarized below. 
· If dynamic SFI is configured, a UE does not expect collision between Msg3 transmission and SFI indication.
· If dynamic SFI is configured and the DCI format 2_0 is detected by UE, the flexible symbols indicated by the DCI format 2_0 are available symbols for Msg3 transmission.
· If dynamic SFI is configured and while DCI format 2_0 is not detected by UE, the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided are available symbols for Msg3 transmission.
Msg3 repetition can also be requested for a UE in RRC connected mode, e..g., the following cases.  
(1) 	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";
(2) UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
Thus, it is necessary to discuss whether available slot for Msg3 repetition should depend on dynamic SFI. 
Two companies [4, ZTE], [18, Sharp] provide views on this issue, and they both propose that dynamic SFI is not applied to determine the available slots for Msg3 PUSCH repetition. In other words, dynamic SFI will not impact the transmission of Msg3 repetition.  
In addition, [6, CATT], [12, Qualcomm], [15, ETRI] and[13, Panasonic] also support Msg3 repetition can only be transmitted in UL symbols configured by tdd-UL-DL-ConfigurationCommon. For these companies, they should be also supportive that the available UL slots doesn’t depend on dynamic SFI. 
Based on above analysis, FL suggests to begin with the following proposal. 
Proposal 7: Available slot for Msg3 PUSCH repetition doesn’t depend on dynamic SFI for CBRA procedure. 
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Issue#10: Collision handing due to UL CI
In RAN1#98bis, it was agreed that RACH related UL transmissions cannot be cancelled by UL CI. 
	Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.



[4, ZTE] proposes that similar approach can be considered for Rel-17 Msg3 repetition. That is, UL CI will not impact the transmission of Msg3 repetition. 
[18, Sharp]: The determination of available slots shouldn’t be affected by scheduling/triggering of high priority PUCCH/PUSCH or cancellation indication. 
Based on above input, FL suggests to begin with the following proposal. 
Proposal 8: Available slot for Msg3 PUSCH repetition doesn’t depend on UL CI for CBRA procedure.
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2.4 Support of other enhancements studied for regular PUSCH for Msg3 repetition
Issue#11: Support of TB processing over multi-slot PUSCH for Msg3 
Based on companies’ input, the support of TB processing over multi-slot PUSCH for Msg3 initial/re-transmission is summarized as follows. 
· Support TB processing over multi-slot PUSCH for Msg3 repetition 
· Support: [2, OPPO], 
· Not support: [4, ZTE]
· FFS: [14, Samsung], [25, CATT]
Given the limited interests and this is also related to the discussion in AI 8.8.2, FL suggests to postpone the discussion to later RAN1 meetings. 
Issue#12: Support of joint channel estimation for Msg3 repetition 
Based on companies’ input, the support of joint channel estimation for Msg3 initial/re-transmission is summarized as follows. 
·  Support joint channel estimation for Msg3 repetition 
·  Support: [1, Huawei, HiSilicon], [2, OPPO], [4, ZTE], [19, CMCC], [20, NTT DOCOMO], [25, CATT]
· [1, Huawei, HiSilicon]: Rel-17 Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition, such as inter-slot frequency hopping with inter-slot bundling and the frequency offset number.
·  Most of above companies also support inter-slot frequency hopping with inter-slot bundling. 
·  Not support:[12, Qualcomm]
· FFS: [14, Samsung]
Some companies also provide evaluation results for joint channel estimation for Msg3 with the following observations. 
	[4, ZTE]: Cross-slot channel estimation among 4 Msg3 repetitions can provide about 1 dB gain. Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation per bundle can provide additional performance gain for Msg3 repetition.
[24, CMCC]: The joint channel estimation could bring additional 1.75dB coverage gain when 2 slot repetitions are considered.



Considering the good support of joint channel estimation for Msg3 from companies, FL suggests to first discuss the following questions. 
Q 2.4-1: Based on the requirements replied from RAN4, is there any difference on maintaining phase continuity and power consistence for Msg3 PUSCH repetition during RACH procedure compared to regular PUSCH/PUCCH? 
	Company
	Comments

	
	



Q 2.4-2: Is there any additional standard effort to support joint channel estimation for Msg3 PUSCH repetition on top of that is discussing in AI 8.8.1.1? 
	Company
	Comments

	
	



2.5  Early termination of Msg3 repetition
Issue#13: Early termination of Msg3 repetition
In Rel-15/16 RACH procedure, a UE starts the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission. The UE shall monitor PDCCH for Contention Resolution while the ra-ContentionResolutionTimer is running. If Msg3 repetition is enabled, then it needs to discuss whether the ra-ContentionResolutionTimer can start or re-start after one repetition instead of after all repetitions. 
[image: ]
Figure 2.4.1 Early termination for Msg3 repetition
Based on the following texts from TS 38.321, each repetition for PUSCH is regarded as one re-transmission for regular PUSCH repetition in TS38.321. Then, for Msg3 PUSCH repetition, it is possible that MAC will use the same definition.
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.



In such case, there could be two interpretations:
· Interpretation 1: Each HARQ retransmission is one repetition and the timer could be re-started in the first symbol after the end of HARQ retransmission i.e., each repetition. Then, it seems MAC specification would support early termination of Msg3 repetition if no further specification change would be made. 
· [1, Huawei, HiSilicon]?, [4, ZTE], [5, vivo], [14, Samsung], [18, Sharp]
· Interpretation 2: The Msg3 transmission in RAN2 specification includes all repetitions, i.e., the timer should start or restart in the first symbol after the end of all Msg3 repetitions. 
· [6, CATT], [16, Nokia/NSB], [26, OPPO]
	5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;



[1, Huawei, HiSilicon]: If early termination for Msg3 PUSCH repetition is supported, then the time for a UE to start/restart ra-ContentionResolutionTimer and start PDCCH monitoring should be configurable by gNB.
Based on the input, companies have different interpretations on the start of contention resolution timer. Given this falls into RAN2 scope, it’s better to first ask RAN2 interpretation on this issue. Therefore, the following proposal is provided for further discussion.    
Proposal 9: Send an LS to RAN2 to ask their interpretation on the start of ra-ContentionResolutionTimer for Msg3 repetition. 
	Company
	Comments

	
	



2.6  Frequency hopping related issues. 
Issue#14: Details for inter-slot frequency hopping
Inter-slot FH is supported in RAN1#104-e, and the details are for further study. 
	Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.


[1, Huawei, HiSilicon]: Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition, such as inter-slot frequency hopping with inter-slot bundling and the frequency offset number.
[4, ZTE]: Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation per bundle should be supported. 
[6, CATT]: For Msg3 PUSCH with repetition, frequency hopping flag indicates whether inter-slot frequency hopping is enabled or not.
[8, Xiaomi]: RB offset list configuration and dynamic indication for msg3 inter-slot FH can reuse the mechanism of intra-slot FH for msg3.
[12, Qualcomm]: Indicate inter-slot frequency hopping flag by
· Reinterpreting a field in UL grant scheduling initial Msg3 transmission for Msg3 initial transmission,  
· Repurposing the reserved field “New data indicator” in DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission. 
Considering the signaling design depends on 1) whether intra-slot FH is supported and 2) whether to support inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation, it suggests not to discuss this issue at least in the first round of discussion. 
Issue#15: Support of intra-slot frequency hopping for Msg3 PUSCH with repetition 
In Rel-15/16, intra-slot FH is supported for Msg3 transmission without repetition. If repetition is introduced, it needs to discuss whether intra-FH could be still supported, and the FH pattern if supported.
Option 1: Support intra-slot FH for Msg3 PUSCH with repetition
·  [4, ZTE], [7, China Telecom], [10, Intel], [11, Apple], [12, Qualcomm], [13, Panasonic],[20, NTT DOCOMO]
· Some companies argued that intra-slot FH could provide additional flexibility for UE multiplexing. An example is shown in Figure 2.6.1. 
·  [4, ZTE], [7, China Telecom],[10, Intel], [16, Nokia/NSB]: If both intra-slot and inter-slot FH is supported for Msg3 PUSCH repetition, one of the FH mechanisms can be configured by higher layers via SIB1. Further, FH flag in the RAR UL grant and DCI format 0_0 can be used to enable FH. 
·  [11, Apple]: FH is always enabled for a UE with Msg3 transmission with repetitions.The single bit for FH flag is repurposed to indicate the FH mode.
·  [12, Qualcomm]: Use the existing FH flag for indicating intra-slot FH, and reinterpret another bit filed for inter-slot FH. 
[image: ]
Figure 2.6.1 Multiplexing among two legacy UEs without Msg3 repetition and one Rel-17 UEs with Msg3 repetition
Option 2: Not support intra-slot FH for Msg3 PUSCH with repetition
· [6, CATT], [14, Samsung], [16, Nokia/NSB], [17, Ericsson], [23, WILUS], 
· [17, Ericsson]: Initial link level results show 1 dB gain from inter-slot hopping over two frequencies compared to repetition with intra-slot FH.
· [16, Nokia/NSB]: Discussion on intra-slot FH support Msg3 transmission with repetitions should be deprioritized or subject to further studies.
· [bookmark: _GoBack][23, WILUS]: Clarify that intra-slot frequency hopping for Msg3 PUSCH without repetitions is supported. 
This issue has been discussed for many rounds in the past two RAN1 meetings. Given this impacts on the further discussion on Issue#14, it is desirable for us to make a decision in this RAN1 meeting. Based on different camps, two different Options are provided for further discussion. 
Proposal 10: Down-select one option for support of intra-slot frequency hopping. 
· Option 1: Support intra-slot frequency hopping for Msg3 with repetition. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled simultaneously. 
· When intra-slot frequency hopping is configured, the UE assumes the same starting RB and the same frequency offset for Msg3 PUSCH repetitions within a transmission. 
· Option 2: Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition. 
	Company
	Comments

	
	



2.7  RV pattern
Issue#16: RV pattern for Msg3 repetition 
In NR Rel-15/16, a UE shall use RV0 for Msg3 initial transmission, and use the 2-bit RV bit field in DCI format 0_0 scrambled by TC-RNTI for RV indication. If Msg3 repetition is enabled, it needs to further determine the RV pattern for repetitions. The following was agreed in RAN1#104bis-e. 
	Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  



Companies’ further views on the FFS are summarized as follows. 
· RV sequence determination
· Use a fixed RV sequence [0, 2, 3, 1]
· [4, ZTE], [6, CATT], [16, Nokia/NSB], [17, Ericsson], [20, NTT DOCOMO], [22, LG]
· Configurable RV sequence by SIB1
· [2, OPPO] (for initial repetition only)
[2, OPPO]: For the repetition of Msg3 PUSCH re-transmission, the determination of RV sequence reuses the RV sequence determination mechanism for PUSCH repetition Type A in Rel-16.
[17, Ericsson] proposes to use fixed RV sequence {0,2,3,1} based on the evaluation results on the performance of using different RV sequences as follows. In addition, it proposes that 	RV cycling Msg3 PUSCH repetition should be based on available slots.
	[image: ][image: ]
Observations 3 & 4:
· When MCS 0 is used, RV0 is enough for all Msg3 repetitions
· For higher MCSs, an RV pattern other than always using RV0 can give some gains, though in this case the coverage of Msg3 is not an issue



[20, NTT DOCOMO] observes the gain of Msg3 repetitions is almost the same regardless of RV sequences, as shown below and propose to apply the same RV sequences as one supported in type A PUSCH repetition. 
	



[22, LG]: First row in Table 6.1.2.1-2 for redundancy version for PUSCH transmission in TS38.214 is applied for msg3 PUSCH transmission initial transmission. 
	Table 6.1.2.1-2: Redundancy version for PUSCH transmission
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion  (repetition Type A) or nth actual repetition (repetition Type B)

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3






Based on above input, FL suggests to discuss the following proposal.
Proposal 11: Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission. 
· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 
· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· The RV cycling for Msg3 is based on transmission occasions on available slot.
	Company
	Comments

	
	



2.8  Other issues
Support of PUSCH repetition for CFRA PUSCH scheduled by RAR UL grant.
[4, ZTE]: It was agreed in SI phase that enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case. [4, ZTE] interprets that PUSCH repetition can be supported for CFRA while RAN1 will not do any optimization specific for CFRA. In most places of the current NR specifications, ‘a PUSCH scheduled by RAR UL grant’, which includes both Msg3 initial transmission and CFRA PUSCH, is widely used. That is, there is no differentiation of PHY layer handling for Msg3 PUSCH and CFRA PUSCH in most typical cases. Therefore, it is proposed that PUSCH repetition is supported for a PUSCH scheduled by RAR UL grant including CFRA PUSCH, while no optimization specific for CFRA PUSCH is considered. 
Support of qam64-LowSE MCS
	In [8, Xiaomi]: QAM64-LowSE MCS table provides lower coding rate, which is benefit for Msg.3 coverage enhancement with lower required SNR. So, QAM64-LowSE MCS table can be used for Msg.3 transmission in bad coverage. Therefore, it proposes to support the use of QAM64-LowSE MCS table for Msg.3 transmission with repetitions.
Waveform indication for Msg3
[11, Apple]: Specify a UE-specific procedure to enable/disable transformprecoder for Msg3 transmission, via:
· Alt1: explicit indication, e.g., repurpose some bits in RAR UL grant (for initial Msg3 transmission) or DCI format 0_0 with CRC scrambled by TC-RNTI (for Msg3 retransmission) to indicate whether transformprecoder enabled or not
· Alt2: implicit indication, for example, transformprecoder is enabled if UE indicates to require coverage enhancement/recovery. 
Spatial domain transmission relation
[12, Qualcomm]: Consider one of the following options on spatial domain transmission relation for Msg3 PUSCH transmission:
· Option 1: The UE transmits the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the same spatial domain transmission relation.
· Option 2: The UE may transmit the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the different spatial domain transmission relations.
[14, Samsung]: The repetitions for the msg3 PUSCH transmission that is scheduled by RAR use the same beam (spatial setting) as the one for the corresponding PRACH transmission. On the other hand, the UE can select the beam for msg3 re-transmissions.
Cell selection criterion S for CE
In [13, Panasonic], it raises that the cell selection criterion S for CE should be specified, similar to LTE eMTC. When a UE camp on a cell, it shall satisfy S criteria (Srxlev and Squal) defined in Section 5.2.3.2 of TS 38.304 as shown in Appendix A. This actually determines the coverage measured by RSRP/RSRQ. If UL coverage is less than DL coverage, Qrxlevmin and Qqualmin are configured properly to have sufficient UL coverage. Qrxlevmin and Qqualmin are configured by q-RxLevMin and q-QualMin in SIBs. If coverage enhancement increases Msg.3 coverage, we think q-RxLevMin and q-QualMin for CE UE (or Msg.3 repetition capable UE) would be required or some offset specific to CE UE is necessary since CE UE would not start registration to a cell even unless the Srxlev > 0 AND Squal > 0 as shown in Fig.2.9.1. In addition, q-RxLevMin for SUL is supported in Rel.15. We think CE UE is a little bit like SUL supported cell that uplink coverage can be improved, and therefore cell selection criteria should be set for considering uplink coverage. 
[image: ]
Fig.2.9.1: Cell selection issue for CE UE.
Support of additional C-RNTI and HARQ-ACK resource for MSG.4 PDSCH
[24, vivo] observes that NW may decode MSG.3 PUSCH from multiple UEs, which have transmitted the same preamble on the same RO, if MSG.3 PUSCH repetition is introduced. It is beneficial to support contention resolution for multiple UEs simultaneously to reduce the access delay of CBRA procedure, if MSG.3 PUSCH repetition is supported. Therefore, it proposes additional C-RNTI and HARQ-Ack resource for MSG.4 PDSCH can be derived at UE to support contention resolution for multiple UEs, simultaneously.
Support Msg1 enhancements to improve Msg3 performance
[27, Samsung] proposes to support UE to transmit multiple PRACH preambles over a RO bundle, with same or different spatial settings, prior to a RAR reception, and support use of CSI-RS measurements for a UE to select one or more spatial settings for PRACH transmissions.
Appendix - Previous agreements
RAN1#104-e
	Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.
· Option1: UL grant scheduling Msg3.
· FFS details.
· FFS fallbackRAR UL grant. 
· Note: Optimization specific for fallbackRAR UL grant in 2-step RACH is not considered in Rel-17 CovEnh WI, if supported.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI
· FFS details. 
· Option3: SIB1 only
· Any modifications of RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR or DCI format 1_0 with CRC scrambled by RA-RNTI respectively


Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.
Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
FFS details.
Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.
Option2: Can be determined based on the repetition number  for  Msg3 initial transmission

Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.

Agreements:
For Msg3 PUSCH repetition,  the following options are considered, aiming for down-selection in RAN1#104b-e:
·  Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE indicates to support of Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE supporting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· FFS details if any.
· Option 1-2: For gNB scheduled Msg3 PUSCH repetition without UE request,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· For UE does not support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH without repetition
· For UE does support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH with repetition as indicated by gNB and UE uses, e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Note: e.g., this can be for differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition or between RACH procedure with Msg3 PUSCH repetition and Msg3 PUSCH without repetition, etc.
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition.
· FFS details if any.
· Option 2-1: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is triggered by UE, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS details if any.
· Option 2-2: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· If Msg3 PUSCH repetition is scheduled, UE transmits Msg3 PUSCH with or without repetition. If UE transmits Msg3 PUSCH repetition, the number of repetition follows the indication of gNB and UE uses e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS details if any.
· Other options are not precluded. 



RAN1#104b-e
	Agreement: For Msg3 PUSCH repetition,  support the following modified Option 2-1. 
· Option 2-1: For UE requested triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested triggered by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.

Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  

Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.

Agreements: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 

Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.




Reference
R1-2104244 	Msg3 repetition for coverage enhancement 	Huawei, HiSilicon
R1-2104796	 Type A PUSCH repetitions for Msg3 coverage	 OPPO
R1-2104439 	Discussion on type A PUSCH repetitions for Msg3 	Spreadtrum Communications
R1-2104334	 Discussion on support of Type A PUSCH repetitions for Msg3 	ZTE
R1-2104380	 Discussion on Type A PUSCH repetitions for Msg3 	vivo
R1-2104541	 Discussion on Type A PUSCH repetitions for Msg3 	CATT
R1-2104850 	Discussion on type A PUSCH repetitions for Msg3 	China Telecom
R1-2105579 	Discussion on Type A PUSCH repetition for Msg3	 Xiaomi
R1-2104863 	Type A PUSCH repetitions for Msg3 	InterDigital, Inc.
R1-2104923 	On Msg3 PUSCH repetition 	Intel Corporation
R1-2105123 	Discussion on Msg3 Coverage Enhancement	 Apple
R1-2104689 	Type A PUSCH repetition for Msg3 	Qualcomm Incorporated
R1-2105150	 Discussion on Type A PUSCH repetitions for Msg.3	 Panasonic Corporation
R1-2105329 	Type A PUSCH repetitions for Msg3	 Samsung
R1-2105225 	Type A PUSCH repetitions for Msg3 	ETRI
R1-2105905	 Approaches and solutions for Type A PUSCH repetitions for Msg3 	Nokia, Nokia Shanghai Bell
R1-2105656	 Type A PUSCH Repetition for Msg3 	Ericsson
R1-2105644 	Type A repetition for msg3 PUSCH	 Sharp
R1-2104629 	Discussion on type A PUSCH repetitions for Msg3 	CMCC
R1-2105715	 Type A PUSCH repetitions for Msg3	 NTT DOCOMO, INC.
R1-2105777 	Type A PUSCH repetitions for Msg3 	Lenovo, Motorola Mobility
R1-2105492 	Discussion on coverage enhancement for Msg3 PUSCH	 LG Electronics
R1-2105880 	Discussion on Type A PUSCH repetitions for Msg3 	WILUS Inc.
R1-2104381 	Enhanced Contention resolution mechanism for CBRA procedure with MSG3 PUSCH repetition			 vivo
R1-2104542	 Views on reusing PUSCH enhancements for Msg3	 CATT
R1-2104797	 Other considerations for coverage enhancement	 OPPO
R1-2105330	 Discussion on PRACH enhancements for msg3 beam improvement 	Samsung
R1-2105523 	Other issues for coverage enhancement	 Huawei, HiSilicon
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