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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. 
2. Summary of Tdocs 
2.1  Differentiation and triggering mechanisms for Msg3 repetition
Issue#1: Differentiation and triggering mechanisms for Msg3 repetition
In RAN1#104-e, the differentiation mechanism between UEs with and without CE and the triggering mechanism for Msg3 repetition were discussed, and four options were achieved. 
	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. 



Companies’ views are summarized below. 
·  Option 1-1 (Using PRACH for differentiation + gNB scheduled Msg3 PUSCH repetition without UE request)
· Support (14): [1, Huawei, HiSilicon] (with modification), [3, Spreadtrum Communications], [4, ZTE], [6, CATT], [7, China Telecom], [9, InterDigital], [11, Apple], [12, Qualcomm]?, [13, Panasonic], [17, Ericsson], [18, Sharp], [20, NTT DOCOMO], [22, LG], [23, WILUS] (second preference)
·  Pros: 
1) Compared to Option 1-2/2-2: No blind detection on Msg3 transmission; More resource efficient; Better Msg3 performance. 
2) Compared to Option 2-1, it allows gNB schedule Msg3 initial transmission without repetition while Msg3 re-transmission with repetition, and vice versa.  
·  Cons: In general, it could cause more PRACH collision issues or higher PRACH resource overhead. 
1) All Rel-17 UEs capable of Msg3 PUSCH repetition including those cell-center UEs have to use separate PRACH configuration.
a)  If less PRACH resources are allocated for Rel-17 UEs, it would increase the PRACH collision probability among Rel-17 CE UEs. 
· If PRACH collision occurs between Rel-17 CE UE in cell centre and Rel-17 CE UE in cell edge, the probability of a successful contention resolution for Rel-17 CE UE in cell edge is lower compared to that for the cell centre UE. Thus, the coverage of the Rel-17 CE UE in cell edge cannot be guaranteed when the amount of Rel-17 CE UE is high in a cell. 
b)  If more PRACH resources are allocated for Rel-17 UEs, legacy UEs may suffer from lower RACH capacity and longer access delay.
2) To solve the issues in 1), gNB can configure separate RO for UEs supporting Msg3 repetition, while it would cause higher PRACH resource overhead. 
·  Option 1-2 (Using Msg3 for differentiation + gNB scheduled Msg3 PUSCH repetition without UE request)
·  Support (3): [5, vivo] (second preference), [16, Nokia/NSB], [14, Samsung]
·  Pros: 
·  1) Less impact on PRACH transmission for legacy UEs.
·  Cons: 
· 1) Increase gNB complexity: gNB has to detect the Msg3 PUSCH with two different assumptions, i.e. with or without repetition. No matter how many CE UEs in the network, gNB has to blind detect every Msg3 PUSCH. It will increase the complexity of gNB implementation.
· 2) Introduce scheduling restriction and resource waste: As gNB cannot know whether the Msg3 PUSCH would be repeated or not, gNB would not be able to schedule any other transmissions on the repetition resources even the UE doesn’t actually use these resources. It will introduce significant scheduling restriction and resource waste.
· 3) Degrade Msg3 performance: The overall Msg3 decoding performance would depend on the DMRS blind detection performance. It may lead to performance loss, especially when the number of allocated RBs is limited for DMRS transmission. In addition, the blind detection can only rely on the first repetition of Msg3, which may not be reliable for cell edge UEs. 
·  Option 2-1 (Using PRACH for differentiation + UE triggered Msg3 PUSCH repetition) 
·  Support (11): [2, OPPO], [5, vivo] (first preference), [6, CATT], [10, Intel], [12, Qualcomm]?, [13, Panasonic], [18, Sharp], [19, NEC], [21, Lenovo, Motorola Mobility], [23, WILUS] (first preference), [24, CMCC]
·  Pros: 
· 1) Compared to Option 1-1, less impact on PRACH transmission for legacy UEs.
· The Rel-15/16 RACH resources can still be used for Rel-17 UEs supporting Msg3 repetition when in good channel condition. 
· 2) Compared to Option 1-2/2-2: No blind detection on Msg3 transmission; More resource efficient; Better Msg3 performance. 
·  Cons: 
·  1) If a UE triggers Msg3 PUSCH repetition via separate PRACH configurations, it implicitly means the repetition number requested by the UE is at least 2. This constrains gNB’s scheduler and link adaptation algorithms significantly.
·  2) This prevents the network from scheduling a Msg3 re-transmission with repetition if the UE doesn’t trigger repetition for Msg3 initial transmission.
·  3) Compared to Option 1-2/2-2, higher impact on PRACH transmission for legacy UEs.
·  Option 2-2 (Using Msg3 for differentiation + UE triggered Msg3 PUSCH repetition)
·  Support (1): [14, Samsung]?
·  Pros: 
·  1) Less impact on PRACH transmission for legacy UEs.
· Cons: 
·  1) Except the drawbacks of Option 1-2, it makes Rel-17 CE UE does not follow the repetition number for Msg3 PUSCH as indicated by NW. 
Note 1: It seems a bit controversial about whether gNB or UE would know better about the channel condition of the UE for Msg3 transmission.
·  For companies supporting gNB triggered Msg3 repetition, they think UL measurements based on PRACH transmission are the only reliable measurements for UL Msg3 transmission, especially in case of paired spectrum. 
·  For companies supporting UE triggered Msg3 repetition, they think the Msg3 PUSCH repetition should be triggered by UE based on CE level (e.g., based on measured SS-RSRP threshold), which is similar to CE mechanism of MTC. 
[1, Huawei, HiSilicon]: Support Option 1-1 with the following highlighted modifications to identify legacy UE and enhanced UE. FL understanding is this is a good compromise to consider, and could be further discussed in the next step. 
	· Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE requests Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE requesting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.


[14, Samsung]: gNB holds the knowledge on whether it can afford using msg.1 or msg3 based method to differentiate UEs. And gNB indicates the differentiation methods (msg.1 based or msg.3 based) to UE via SIB1. 
[bookmark: _Toc68654390][16, Nokia/NSB]: In case approaches are to be designed, to let gNB blindly detect if Msg3 repetitions are to be expected or not, after the first instance of Msg3 transmission is received by gNB over the allocated T/F resource, the following options should be considered:
· Different DMRS configuration used by UEs which repeat Msg3.
· UCI multiplexing performed by UEs which repeat Msg3.
· Shifting allocated frequency resources performed by UE which repeat Msg3.
· REs blanking/avoidance performed by UE which repeat Msg3.
· No differentiation, all is left to gNB’s implementation, e.g., energy detection.
[18, Sharp]: gNB configures either Option 1-1 or Option 2-1 to UE. 
[24, CMCC]: The PRACH resources could be divided into several groups to present different coverage levels. UE can chose the PRACH resources to reflect the coverage situation according to the measurements.
Based on companies input, majority companies support Option 1-1 and Option 2-1. Therefore, it proposes to further down-select from the two options. In addition, it should allow us to find some middle-ground by potential modifications on the options. 
Proposal 1: For Msg3 PUSCH repetition, further down-select from Option 1-1 and Option 2-1, aiming for down-selection in RAN1#104b-e.
· Note: potential modifications of the two options are not precluded.  

2.2  Early termination of Msg3 repetition
Issue#2: 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 2.2.1 Early termination for Msg3 repetition
There are two options discussed, and summarized as follows. 
·  Option 1: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring in the first symbol after the end of the all repetitions of Msg3 (re-)transmission
· [2, OPPO], [6, CATT]
·  Option 2: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring before the end of Msg3 (re-)transmission.
· [5, vivo], [7, China Telecom], [14, Samsung]
· Pros: Could save the PUSCH resources by avoiding the unnecessary Msg3 repetition transmission
Regarding power saving: If Msg3 is decoded successfully by gNB before the end of Msg3 (re-)transmission, it can save UE power for the transmission of remaining repetitions. If Msg3 is not decoded successfully by gNB before the end of Msg3 (re-)transmission, it will bring additional power consuming for UE PDCCH monitoring. 
Many companies pointed out that this issue is RAN2 related, and propose to send an LS to RAN2. From FL perspective, if an LS is to be sent, we need to inform RAN2 about our RAN1 views (e.g., the pros&cons) on the two options, and also ask RAN2 feedback for potential RAN2 impact and feasibility of the two options. 
Q 2.2.1: Do you think it is necessary to send an LS to RAN2 regarding this issue? If so, what’s your views about the LS contents? The following texts could serve as a starting point. 
	RAN1 has discussed the following two options about the (re)-start of ra-ContentionResolutionTimer and PDCCH monitoring for Msg3 PUSCH repetition, and no consensus is reached. From RAN1 perspective, Option 2 could achieve early termination of Msg3 PUSCH repetition, which could save some unnecessary repetition resources and potentially reduce the RACH access latency. It is particularly beneficial in case of TDD operation. However, it’s RAN1 understanding that Option 2 may have RAN2 impacts on Contention Resolution procedure. 
· Option 1: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring in the first symbol after the end of the all repetitions of Msg3 (re-)transmission
·  Option 2: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring before the end of Msg3 (re-)transmission, e.g., in the first symbol after the end of the first repetition of Msg3 (re-)transmission. 
RAN1 respectfully ask RAN2 about the feasibility of Option 2 from RAN2 perspective. 



2.3  Cell selection for CE UE
Issue#3: 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. The issue seems valid and RAN1 should send LS to RAN2 to trigger related discussion. 
	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.1. For LTE eMTC, the cell selection criterion S for enhanced coverage has been specified in Section 5.2.3.2 of TS 36.304 as shown in Appendix B. Similar mechanism would be necessary for NR specification. 
Proposal 6: Cell selection criterion S for coverage enhancement should be specified.
Proposal 7: RAN1 asks to RAN2 to notify the issue related to cell selection criterion S for coverage enhancement.

[image: ]
Fig.1: Cell selection issue for CE UE.



Companies are encouraged to check above issue, and we can send an LS to RAN2 together with Issue#2. 
Question 2.3.1: Do you think is it necessary to send an LS to RAN2 about cell selection criterion S for CE? 

2.4  RV pattern
Issue#4: 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. Companies’ views are summarized as follows. 
· RV sequence determination
· Use a fixed RV sequence [0, 2, 3, 1]
· [4, ZTE], [12, Qualcomm], [13, Panasonic]
· Configurable RV sequence by SIB1
· [2, OPPO]
· RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a fixed RV id
· [4, ZTE] (RV=0), [12, Qualcomm], [13, Panasonic]
· Configurable by SIB1
· [2, OPPO]?
· RV id for the first repetition of Msg3 PUSCH re-transmission.
· Indicated by DCI format 0_0 scrambled by TC-RNTI.
· [2, OPPO], [4, ZTE], [12, Qualcomm], [13, Panasonic] 
Based on above input, FL suggests to discuss the following proposal.
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.

2.5  Frequency hopping related issues. 
Issue#5: 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 to postpone the discussion to the next meeting. 
Issue#6: 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], [10, Intel], [11, Apple], [12, Qualcomm], [13, Panasonic], [16, Nokia/NSB], [18, Sharp]
·  Intra-slot FH could provide additional flexibility for UE multiplexing. An example is shown in Figure 1. 
·  [4, ZTE], [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 2.5.1 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], [17, Ericsson], [23, WILUS],[14, Samsung]
Based on the majority, FL suggests to discuss the following proposal. 
Proposal 6: Support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
· 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. 

2.6  Indication of the number of repetitions for Msg3 
Issue#7: Indication of the number of repetitions for Msg3 initial transmission
For Msg3 initial transmission, the following agreements were reached for repetition indication in 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



Companies’ views on repetition indication for Msg3 initial transmission are summarized below. 
· Option 1: UL grant scheduling Msg3
· Support: [1, Huawei, HiSilicon], [ 2, OPPO], [4, ZTE], [5, vivo], [6, CATT], [7, China Telecom], [8, Xiaomi], [9, InterDigital], [10, Intel], [11, Apple], [12, Qualcomm], [13, Panasonic], [14, Samsung], [15, ETRI], [16, Nokia/NSB], [17, Ericsson], [18, Sharp], [20, NTT DOCOMO], [21, Lenovo, Motorola Mobility], [23, WILUS], [24, CMCC]
· [1, Huawei, HiSilicon], [ 2, OPPO], [6, CATT], [8, Xiaomi], [10, Intel], [11, Apple], [12, Qualcomm], [21, Lenovo, Motorola Mobility], [28, WILUS]: The existing bit fields (e.g. MCS, TPC, FDRA and CSI request bit fields) in RAR UL grant can be used to indicate the repetition number.
· [ 2, OPPO] [4, ZTE], [5, vivo], [6, CATT], [7, China Telecom], [8, Xiaomi], [9, InterDigital], [13, Panasonic], [15, ETRI], [18, Sharp], [20, NTT DOCOMO], [21, Lenovo, Motorola Mobility], [28, WILUS], [24, CMCC]: The TDRA field of the RAR UL grant indicates the number of repetitions for the initial transmission of msg3, where a new TDRA table for Msg3 repetition can be introduced which contains the repetition number. 
· [16, Nokia/NSB] proposes to use the bit fields ( TC-RNTI or TAC) in MAC RAR or use appending signalling in MAC PDU for repetition indication.  
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI 
·  Support: [2, OPPO], [3, Spreadtrum Communications], [28, WILUS] 
· Option 3: SIB1 only 
· Support: [14, Samsung], [22, LG]
A clear majority of companies support Option 1, though the detailed design is diverse. Thus, it suggests to discuss the following proposal.
Proposal 7: For indication of the number of repetitions for Msg3 initial transmission, Option 1 is adopted. 

Issue#8: 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’ views on repetition indication for Msg3 re-transmission are summarized below. 
· Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI
· Support: [1, Huawei, HiSilicon], [2, OPPO], [4, ZTE], [5, vivo], [7, China Telecom], [8, Xiaomi], [9, InterDigital], [10, Intel], [11, Apple], [12, Qualcomm], [13, Panasonic], [15, ETRI], [17, Ericsson], [18, Sharp], [20, NTT DOCOMO], [22, LG], [23, WILUS], [24, CMCC]
· Option 2: Can be determined based on the repetition number for Msg3 initial transmission
· [3, Spreadtrum Communications], [6, CATT], [16, Nokia/NSB] 
In addition, [12, Qualcomm] proposes that the UE indicates the recommended number of repetitions in UCI multiplexing with initial Msg3 PUSCH for Msg3 retransmission. [16, Nokia/NSB] also proposes that the repetition number for Msg3 re-transmission is configured via higher-layer signalling, e.g., SIB1. 
A clear majority of companies support Option 1. Thus, it suggests to discuss the following proposal.
Proposal 8: For indication of the number of repetitions for Msg3 re-transmission, Option 1 is adopted. 
Issue#9: 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.
· [8, Xiaomi]: The maximum number of repetitions for type A PUSCH repetition in release 17 can be adopt for Msg.3 repetition.
· [12, Qualcomm]: Support separate configurations on the number of repetitions for initial Msg3 transmission and for Msg3 retransmission.
· [16, Nokia/NSB]
· [bookmark: _Toc68654287]Msg3 repetitions yield non-negligible coverage benefits which increase with the number of repetitions, however diminishing returns are observed for N>8.
· [bookmark: _Toc68654288]Msg3 repetitions yield coverage benefits at the cost of higher latency, possible lower efficiency and flexibility of UL resources utilization prior to RRC connection and possible larger payload of previous indicators/messages.
· Selecting the most meaningful number of repetitions for specification, and/or the set of supported repetition numbers (if more than one configuration is supported), is a non-trivial matter which requires further analysis and discussions
Based on above, FL suggest to discuss the following proposal. 
Proposal 9: Support at least {1, 2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition. 
·  FFS other values. 

2.7 Support of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission
According to the WI scope, the following enhancements are included for regular PUSCH enhancements. It needs to discuss whether these enhancements could be applied for Msg3 repetition or not.
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



Note that, regarding the maximum number of repetitions supported for Msg3 repetition, e.g., whether support increased number of repetitions compared to PUSCH repetition type A in Rel-16, it will be discussed under Issue#9. 
Issue#10: Support of the number of repetitions counted on the basis of available slots for Msg3 repetition. 
Based on companies’ input, the support of enhanced PUSCH repetition type A regarding the number of repetitions counted on the basis of available slots for Msg3 initial/re-transmission is summarized as follows. 
·  The number of repetitions is counted on the basis of available UL slots for Msg3 repetition. 
·  Support: [2, OPPO], [4, ZTE], [5, vivo], [10, Intel], [12, Qualcomm](FFS), [24, CMCC]
· [5, vivo]: The flexible symbols, indicated by tdd-UL-DL-ConfigurationCommon, are not always available for Msg3 repetition.
In addition, it needs to discuss whether the number of repetitions counted on the basis of consecutive UL slots should be also supported. 
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], [12, Qualcomm]
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], [20, NTT DOCOMO], [24, CMCC]
· [1, Huawei, HiSilicon]: The UE’s capability reporting is needed to support joint channel estimation for inter-slot frequency hopping with inter-slot bundling.
·  Most of above companies also support inter-slot frequency hopping with inter-slot bundling. 
·  Not support:[12, Qualcomm]
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.



In addition, [14, Samsung], [16, Nokia/NSB] also raise above issues and propose to further discuss. 
2.8  Other issues
Issue#13: 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.
Issue#14: 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.
3. Discussion (1st round)
For the first round of discussion, FL suggests to focus on Issue#1/2/3/4/6/7/8/9. For other issues, the discussion would depend on the outcome of above issues or other agendas in CE WI. It suggests to de-prioritize the discussion unless time permits. 
Please first review the corresponding summary for each issue in Section 2 before making any comments below! It’s no need to repeat the same argument if they have already summarized in Section 2. 
[Close] Issue#1: Differentiation and triggering mechanisms for Msg3 repetition
Proposal 1: For Msg3 PUSCH repetition, further down-select from Option 1-1 and Option 2-1, aiming for down-selection in RAN1#104b-e.
· Note: potential modifications of the two options are not precluded.  

	Company
	Comments

	Samsung 
	We are not fine to directly down select from option 1-1, and 2-1.
Actually we already hesitated to make this joint options which actually mixed two issues together
1. How to differentiate UE who need to do msg3 repetition or not?
2. Who does trigger the msg3 repetition?
 Any change of the solutions to the single issues will end up with new options, that’s why we add the  “other options are not precluded”.
To solve the first issue, we have analysized in our tdoc that the concerns on either msg1(too much partition) or msg3 (blind detection) are hold on gNB side, thus we suggest to allow gNB to decide which one to use for differentiation and signalled along with CE configuration, instead of forcing gNB to always use only one of them.


	Nokia/NSB
	Agree with Samsung on the fact that down selection is very premature at this stage. We are very puzzled by the fact that many companies do not seem to consider what happens, and is happing, outside of the CovEnh discussion. We did receive several inputs from RAN2 colleagues about this, which reported concerns on the excessive use of PRACH resources for targets “other than RACH”. We think a much deeper discussion on this aspect is necessary since the impact of poor decisions at RAN1 now can be nefarious in the mid to long term, especially if alternative exist. For instance, currently, the following applications/features should make use, or will make use in Rel-17, of PRACH preambles to be operated properly:
· GroupA/B for CBRA in 4-step RACH, depending on Msg3 size and measured pathloss at UE.
· 2-step RACH.
· Multiple SSBs per RO. 
· On demand SI.
· CFRA.
· RACH based small data transmission (RA-SDT, for which if ROs for SDT and non SDT are the same, preamble partitioning is needed).
· UE identification for RedCap in Rel-17.
It should also be noted that discussions are currently ongoing in RAN2 for SDT, and that soon RedCap-related discussion will also start. Now, all the above should be supported with up to maximum 64 preambles, and this is the major source of concerns. The practical feasibility of increasing the partitioning/fragmentation even more, and with no certainty that CE UEs will be in the cell (or will make use of the signalling), is very questionable. In this context, we would like to remark that the share of CE UEs which will experience coverage shortage during access is not expected to be large (not in FR1 deployments, for instance). In other words, further preamble space fragmentation may look like the easiest route, but clearly reality should suggest us otherwise, and other choices should be made. 
FL: 
1) Indeed, currently there are many features use preamble partition. But it is questionable whether all these features would be enabled at the same time in a coverage limited scenario. For instance, for coverage limited scenarios, NW may not use Group B Msg3 and 2-step RACH, and it may configure N<=1 for SSBs per RO. It’s fully up to gNB’s configuration. 
2) Please note that some of the features can also use RO for differentiation, e.g., 2 step RACH. And possibly for other Rel-17 features. 
If RO are used instead to support solutions such as Option 1-1 or 2-1, either in alternative to or in conjunction with preambles, the most popular possibility among companies’ proposal seem to be to reserve some ROs for the Msg3-related signalling. Such signalling could then take place without reserving any preamble. However, this would reduce the number of ROs available for other uses (e.g., legacy/RedCap and so on), in turn significantly increasing:
· Either the amount of U slots necessary to map all SSBs to at least one RO for the same collision probability, or 
· The collision probability for the same amount of U slots used to map all SSBs to at least one RO.
FL: Based on FL’s understanding, some companies propose to configure additional ROs or even using current invalid ROs for CE differentiation. It may depends on the detailed design. 
Both effects would be detrimental for the performance of Msg1 transmission, and RACH in general. This problem would be further aggravated by the fact that the number of ROs (together with the number SSB mapped to each RO) is carefully configured by gNB in NR depending on how, and how many, analogue beams are implemented/used. 
We would really appreciate if a serious technical discussion could be carried out on the above aspects prior to any decision on Issue #1.

FL: Overall, as I summarized in section 2, Option 1-1/2-1 indeed could cause more PRACH collision issues or higher PRACH resource overhead compared to Option 1-2/2-2. But it may not be a real stopper (at least from majority companies’ view) for the decision, especially for Option 2-1 which only requires separate PRACH configuration for CE UE in poor coverage (the number of such UEs would be quite limited, e.g., 5% out of the total # of Rel-17 CE UEs in the cell). 

	Apple
	Support the proposal. We understand concerns from Nokia/NSB on not further partitioning RACH resources… but the fact is alternative solutions are not stronger than indication by RACH resource, especially for a UE in coverage limited scenario. 

	Sharp
	Samsung’s proposal seems feasible. However, we don’t think msg3 based identification is necessary due to potential performance loss. 
To Nokia, the number of RACH occasions is configurable. When the gNB wants multiple services, then the number of RACH resources can be increased.

	Intel
	We are fine with the proposal.
For Option 1-2 and Option 2-2, there is a clear drawback in terms of PUSCH resource waste and gNB blind decoding complexity. In particular, gNB would always indicate the number of repetitions for all UEs in the network, even for legacy UEs. If UE does not support repetition, UE only transmits Msg3 PUSCH in the first slot, which indicates the remaining slots cannot be used for other uplink transmission. Given the fact that most UEs in the network do not need the Msg3 PUSCH repetition, this indicates that the resource waste would introduce substantial system level spectrum efficiency loss.
For PRACH resource partitioning in Option 1-1 and Option 2-1, given that the number of UEs in a network who need coverage enhancement is limited, the PRACH resource for triggering Msg3 PUSCH repetition can be small. In this case, the impact on the legacy system can be limited. 

	Vivo
	Fine with the proposal.
Besides, we have further comments on the pros and cons provided in section 2.1.
First, Option 1-1 may allow gNB schedule Msg3 initial transmission without repetition while Msg3 re-transmission with repetition. It implies that NW can accurately measures PRACH receive power, and make proper scheduling. However, considering power ramping function in PRACH procedure, NW can not identify the link quality by simply based on measurement on PRACH at gNB receiver. Furthermore, considering higher collision rate between R17 UEs, especially the case between the cell-center UE and the cell-edge UE, the NW measurement accuracy can not be guaranteed when PRACH collision occurs. The proponents of option 1-1 have concern on UE measurement accuracy for option 2-1, however it should be noted that other procedures such as handover is based on UE measurement.
FL: Please find below summary as noted in section 2 already, and also the comments from Ericsson below.
Note 1: It seems a bit controversial about whether gNB or UE would know better about the channel condition of the UE for Msg3 transmission.
·  For companies supporting gNB triggered Msg3 repetition, they think UL measurements based on PRACH transmission are the only reliable measurements for UL Msg3 transmission, especially in case of paired spectrum. 
·  For companies supporting UE triggered Msg3 repetition, they think the Msg3 PUSCH repetition should be triggered by UE based on CE level (e.g., based on measured SS-RSRP threshold), which is similar to CE mechanism of MTC. 
Besides, even if only one repetition is allowed if UE select PRACH resources for legacy UEs, the retransmission can already provide almost 3dB gain compared with initial transmission, which is sufficient for most cases, especially considering UE choose not request MSG3 repetition in MSG1. Another PRACH attempt can be initialized if previous PRACH attempt does not succeed. Hence, the benefit of Option 1-1 that indicate repetition for MSG3 repetition is marginal.
For option 2-1, even if UE have requested MSG3 repetition through separate PRACH resources, it doesn’t mean NW has to schedule at least 2 repetitions for initial transmission. It is still up to NW to determine the number of MSG3 repetitions, as provided in proposal 9. Hence, we don’t think it is a drawback for option 2-1.
FL: The current wording of Option 2-1 is not that clear, that’s why the confusion comes. The suggested update from Xiaomi and Huawei below can be considered. 

	OPPO
	Fine with the proposal. The coverage can be evaluated by UE through measurement, e.g. based on measured SS-RSRP threshold. UE should be responsible for triggering Msg3 PUSCH repetition. For the down-selection from Option 1-1 and Option 2-1, Option 2-1 is preferred in our view. 

	Ericsson
	Looks fine. 
However, option 1-1 is preferred from our side considering the scheduling flexibility, resource utilization efficiency and implementation complexity pointed out by many companies.
We do not understand the logic that it’s more reliable for UE to measure a downlink broadcasting SSB to trigger Msg3 repetition than the gNB to determine Msg3 repetition based on detection of an uplink PRACH and further decoding of Msg3 (re)transmissions before scheduling a Msg3 retransmission and the resource overhead for all UEs that network should guarantee as well for the whole system. 
Note that in legacy, Msg3 retransmission is also triggered by network.

	CMCC
	Fine with the proposal.
As mentioned in our contribution, blind detection based method would waste the precious uplink resources. Then option 1-1 and 2-1 are preferred. But for the option 1-1, the CE UE are identified through different use of PRACH resources, which may further reduce the capacity of PRACH. Then the option 2-1 is preferred, as for those CE UE who do not need the Msg 3 repetition, could reuse the legacy PRACH resources and improve the capacity.

	CATT
	Fine with the proposal. 
We have some sympathies with companies having concerns on RACH overhead if option 1-1 or option 2-1 is adopted. However, as mentioned by Intel, the number of coverage enhancement UE in the network would be limited. The RACH overhead issue may not be a big issue if proper configuration is achieved. Furthermore, the remaining RO which are unavailable for normal UEs derived from the current RACH configuration can be used to significantly reduce the RACH resource consumption.
On the other hand, option 1-2 and option 2-2 mandate a gNB to monitor each Msg3 transmission with two assumptions. As mentioned above, the ratio of coverage enhancement UE in the system is small, e.g. 5%. It is definitely a huge burden for gNB to do 100% blind detection for the 5% coverage enhancement UE.

	InterDigital
	We support the FL’s proposal. Option 1-2 has considerable specification and implementation impact in our view.

	Panasonic
	We are fine to consider Option 1-1 and Option 2-1, but it is not required to “down selection”.
On Option 1-2 and Option 2-2, blind detection of Msg.3 PUSCH repetition would be necessary, and our view is such gNB complexity is not desirable.
Option 2-1 should be clarified that it takes into account Msg.3 PUSCH repetition capability and gNB should have the flexibility to determine the request of the number of Msg.3 repetition. Then Option 1-1 like operation is just the subset of option 2-1 where the preamble is used only whether Msg.3 PUSCH repetition capability or not without UE informing the requesting Msg.3 PUSCH repetition. For example, in Option 2-1, if the condition to trigger Msg.3 PUSCH repetition using separate PRACH resource is based on RSRP threshold, both Option 2-1 and Option 1-1 behavior would be possible according to the setting of threshold value. For example, no threshold means Option 1-1. If threshold is configured, UE with RSRP less than threshold use separate PRACH resource and UE with RSRP larger than threshold use shared PRACH resource for not requesting repetition.
FL: Thanks for the good comments! The issue is the RSRP threshold may or may not be specified. If it is not specified, Option 2-1 would be fully up to UE implementation for requesting Msg3 repetition, while Option 1-1 means the triggering is determined by NW. So, the fundamental difference is whether gNB or UE to trigger Msg3 repetition. On the other hand, if the RSRP threshold can be configurable by gNB, I agree with you that Option 2-1 would includes Option 1-1. In such case, it seems sufficient to support Option 2-1. 

	China Telecom
	We are generally fine with the proposal. But, since the numbers of support companies for each of the two options are basically the same, also, each of the two options has pros and cons, it may be hard to make down selection directly. To make a progress, some compromise may need to be made.

	LG Electronics
	We are fine with the proposal. 
The option 1-1 and Option 2-1 are reasonable to operate that gNB indicates msg3 PUSCH repetition to UE with capability of CE. Cost is to use more RACH resource. 
On the other hand, the option 1-2 cannot be acceptable because the option brings gNB blind decoding complexity and has a possibility of PUSCH decoding performance loss.

	Xiaomi 
	We suggest the option 2-1 to be modified as follows:
·  Option 2-1: For UE request Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· 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 the repetition enabling or not and the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS details if any.

By the above option, SS-RSRP and preamble based measurement can be utilized together to assist gNB to make decisions, which is more accurate with sufficient assistance information.
Besides, if the enhanced UE determines through SS-RSRP that repetition is not required, the UE can select one of the ROs or preambles in the same PRACH resource set as the legacy UE, to initiate the RACH procedure.
FL: Thanks for the suggestion and good comments. Given the current proposal has one note to clarify that potential modifications are allowed. I hope current formulation can be acceptable for you. At the same time, I will offer the suggestion as a new alternative for further discussion.  
PS: Sorry that I removed the change marks in your comments. Instead, I highlighted the changes by yellow to make the document more concise. 

	Lenovo, Motorola Mobility
	We are fine with the proposal.
We do not that agree with this cons. (as in section 2.1) for option 2-1
· 1) If a UE triggers Msg3 PUSCH repetition via separate PRACH configurations, it implicitly means the repetition number requested by the UE is at least 2. This constrains gNB’s scheduler and link adaptation algorithms significantly.
Our understanding is that UE sending Msg1 using separate PRACH resource is to indicate the needs for Msg3 repetition, not to mandate gNB to schedule so. The gNB still have flexibility to decide if scheduling Msg3 repetition or not. 
FL:The current wording of Option 2-1 is not that clear, that’s why the confusion comes. The suggested update from Xiaomi and Huawei can be considered. 

	Spreadtrum
	We are fine with the proposal.
Option 1-2 increases gNB’s complexity, and introduces scheduling restriction and resource waste. Besides, Msg3 performance will be degraded if option 1-2 is adopted. Option 2-2 also brings those drawbacks, in addition, option 2-2 makes Rel-17 CE UE does not follow the repetition number for Msg3 PUSCH as indicated by NW. 
Regarding the option 1-2 and option 2-1, we think the number of RACH occasions is configurable, this may not the critical problem. Therefore, we can accept the current proposal.

	Samsung 2
	Few more comments:
1. we proposed a new option to allow gNB indication of msg1 based or msg3 based, the detailed options are following:
· Option 3-1: For gNB scheduled Msg3 PUSCH repetition without UE request but with gNB indicates using Msg1 or Msg3 for differentiation,
· When gNB indicates to use Msg1 based differentiation, (same as option 1-1)
· 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.
· When gNB indicates to use Msg3 based differentiation, (same as option 1-2)
· 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 3-2: For UE triggered Msg3 PUSCH repetition with gNB indicates using Msg1 or Msg3 for differentiation,
· When gNB indicates to use Msg1 based differentiation, (same as option 2-1)
· 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.
· When gNB indicates to use Msg3 based differentiation, (same as option 2-2)
· 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.
FL: It expects lots of companies would have strong concerns on Option 2-2. So, I would suggest to only consider a combination of Option 1-1 with Option 1-2 for further discussion. Hope this could be acceptable for you. 
[SS]: I would like to firstly see companies’ views on gNB scheduling which one to use, I see you have mixed 1-2 and 2-1 in later one alt.3, we can use it as starting point to discuss.


2. For the cons of using RACH based method to differentiate UE, it’s not only the collision probability issue, also for the proposed solution that more RO to be configured, do you suggest that a separate/additional PRACH configuration index is configured? If this is the case, this will also complicated the SSB-RO association since gNB or even UE needs to maintain multiple SSB-RO association patterns. Besides, it will be very limiting for gNB to configure such separate RO to luckly having same beam association in multiple SSB-RO association pattern, e.g., single panel gNB could only have one analog beam at a given time. So if multiple SSB-RO association patterns exist, gNB needs to guarrentee the ROs at the same time but in separate configurations need to be associated with same SSB.
FL: My understanding is it depends on the detailed design or gNB configuration. For instance, gNB can configure one configuration (e.g., only slot#0 and slot#1 in every frame have RO) for legacy, and an additional configuration (e.g.,only slot#1 and slot#2 in every frame have RO) for Msg3 repetition. In such case, it seems similar to a legacy configuration with 4 slots per frame having RO. It still allows gNB or UE have one analog beam at a given time. Another example is, as proposed by proponents of Option 1-1/2-1, gNB can configure a PRACH configuration which has some remaining invalid ROs. Rel-17 CE UE could use these invalid ROs which seems fully backward compatible. 
[SS]: your first part actually confirms our concerns, gNB needs to consider more restrictions when configure PRACH, considering that current implementation and most importantly, the deployment of base station for 5G is done. The shift of the RO index is designed in PRACH configuration index, like 1,4,7, to 2,5,8 etc, but pls note that this is designed to avoid inter-cell interference, not for a single cell purpose. And pls note that we already have two types of RACH procedure, 2step RACH could potentially use separate RO as well.
For your second part about using remaining invalid ROs, I assume you/proponents means the leftover RO after SSB-RO association that which are still valid but not used, right? Because they cannot be “invalid” otherwise, they cannot be used. Then if this is the case, they will be plenty of issues, such number of leftover ROs are quite unpredictable, to have enough number of such RO, you need gNB to play with TDD configuration, which is even less possible. In addition, in these leftover ROs, there is no SSB-RO association, do you/proponents suggest having additional SSB-RO mapping on these resource, which I am not sure this is within our CE work scope. 

3. the drawbacks for option 2-2 on UE did not follow the gNB indication is not accurate, current option 2-2 clearly says “the number of repetition follows the indication of gNB”.
FL: Note that, it says UE transmits Msg3 PUSCH with or without repetition even gNB schedules Msg3 with repetition. Only when UEs decides to transmit Msg3 repetition, the number of repetition follows gNB’s indication. This follows the logic that UE to trigger the repetition. I think this is what you proposed in the last meeting. 
· 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)
[XQ]: because 2-2 is upto UE to trigger or request, so if UE did not need msg3 repetition, then UE transmit without repetition, if UE needs msg3 repetition, it will transmit as gNB configured, we think this is similar in 1-2.

	Nokia/NSB
	Samsung’s proposal seems a good way forward to ensure all the concerns expressed by companies are considered fairly. We would like to remind once again that what is brought forward by companies not ok with 1-1 and 2-1 is not at the level of “preference” but a genuine design concern, also shared by RAN2 colleagues (this can be easily verified both internally or by looking at, for instance, the discussion about SDT in RAN2, e.g., R2-2102075 or RAN2 Chairman Notes 3GPP RAN2 #112-e). Furthermore, leaving the possibility to gNB to decide if using Msg1-based or Msg3-based solution for UE differentiation would also be compatible with what is happening in RedCap discussion where both msg1-based and msg3-based identification will be specified (according to RedCap WID), and gNB will decide what to use (please see the “and/or” part of the excerpt below). Relevant bullet of the RedCap WID in this regard follows: 
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
Last but not least, we also think it is only fair to state that RAN1 should not mandate a specific behaviour to gNB in terms of scheduling and complexity. This would indeed be the case with Options 1-x and 2-x.
FL: Please find my replies to your first input above. 
Moving to specific comments made by companies:
@Sharp: the number of RACH occasions is certainly configurable. If the gNB wants multiple services, then the number of RACH resources can be increased. On the other hand, and as we said in our previous comment, increasing the number of ROs either increases the amount of U slots necessary to map all SSBs to at least one RO for the same collision probability, or increases the collision probability for the same amount of U slots used to map all SSBs to at least one RO (if you use preambles as well). In other words, this has clear costs since these resources do not come for free but are literally taken away from other channels/uses (e.g., PUSCH/PUCCH/SRS and so on). Therefore, the fact that such high configuration possibility exists in theory does not make it viable in practice, especially for DL-heavy slot structures, as the ones we have been considering so far as the most relevant for the SI/WI. 

@Intel: gNB would not always indicate the number of repetitions for all UEs in the network, but only to UE in coverage shortage, e.g., 5% of the whole set of UEs in the cell (gNB can always rank UEs in terms of received preamble power, for instance). Therefore, what you refer to as “resource waste” would introduce negligible system level spectrum efficiency loss. We think that either the same “low number of UEs in need of coverage enhancement” logic applies to all discussion, or to no discussion, otherwise we lose consistency. 
@CATT: option 1-2 and option 2-2 do not mandate a gNB to monitor each Msg3 transmission with two assumptions, since gNB would not configure possibly redundant resources for all UEs but only in those 5% cases which may need coverage enhancement, as per your argument. Why would gNB configure Msg3 repetitions for UEs which do not need it anyway? Similar to what we replied to Intel, either the same “low number of UEs in need of coverage enhancement” logic applies to all discussion, or to no discussion. Thus, it is definitely not a huge burden for gNB to do “blind detection” (whatever this may mean) for such 5% coverage enhancement UE. 

	Huawei, HiSilicon
	Support the proposal. To reduce collision probability of PRACH procedure, the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual and a UE can occupy the PRACH resource dedicated to the request for Msg3 PUSCH repetition only when the UE is in a coverage-limited situation that Msg3 repetition is deemed necessary. Our preference with modification on Option 1-1 is shown as below
· Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE requests Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE requesting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any
FL: Thanks for the suggestion. Given the current proposal has one note to clarify that potential modifications are allowed. I hope current formulation can be acceptable for you. At the same time, I will offer the suggestion as a new alternative for further discussion, with deleting the UE capability part. My understanding is that even the UE reports its capability after initial transmission, NW may still don’t know whether the UE is supporting Msg3 repetition or not when the UE transmits PRACH with legacy configuration for random access later on. Anyway, I think this part could be further discussed as one detail for FFS. 

	ZTE
	Fine with the proposal. 
We have concerns on Option 1-2 and Option 2-2, which clearly increases gNB complexity and introduce large scheduling limitations.
Among Option 1-1 and Option 2-1, we slightly prefer Option 1-1 since it can allows gNB know whether the UE supports Msg3 repetition or not, which will provide gNB more flexibility to schedule Msg3 re-transmission.   

	Vivo2
	Regarding how does NW determine the number of repetitions for MSG3, as raised by Samsung. We agree that it may be difficult for NW to determine the number of repetitions if option 1-1, option 1-2 and option 2-2 is adopted, as the analysis provided by Samsung and our comments for issue#1. While if option 2-1 is adopted, it is feasible for NW to determine the number of repetitions based on NW measurement. 
The power control mechanism for PRACH, requires UE to fulfil a certain target receive power level at gNB, and UE need to compensate the pathloss, i.e., to increase the transmission power, to achieve the target receive power. For poor coverage Rel-17 UEs, the RSRP measured at UE is low, for example if the RSRP is lower than certain threshold, and UE can not meet the above requirement even if the maximum transmission power is used. In such cases, NW can expect that UE has already use the max power for PRACH transmission, NW can compare the PRACH receive power with the target receive power, and determine the number of repetitions for MSG3. 
[SS]: sorry we may not mis-understand the solution, “UE can not meet the above requirement even if the maximum transmission power is used”, so gNB did not even detect such UE, how could gNB do anything to this UE? “NW can compare the PRACH receive power with the target receive power, and determine the number of repetitions for MSG3”, the target receive power is same for all UE, and being configured so that the Tx power is not so large to avoid interference. And as we explained, the PRACH receive power of these being detected, should not be large. So..
More generally, your comments seems not direclty answer my question, sorry to say this. And this “indication of repetition number” issue is not tied to a particular option in here, no matter which option we adopted, we will need to discuss the indication anyway.
To go to msg3 stage, gNB needs to first detect these preambles. Then our question was that because of the power ramping mechanism and power setting principle, the difference among PRACH received power from which is being detected, is not large. So gNB cannot have enough information to dynamically indicate the repetition number. gNB can best provide a number of repetition to these UE who thinks they need msg3 repetition based on DL measurement. 

To avoid the ambiguity on UL measurement cause by in-sufficient power ramping of PRACH transmission from good coverage UEs, separate preambles should be selected for good coverage and poor coverage UEs, a RSRP threshold is required, only when the SS-RSRP (pathloss) is below the threshold, UE can select the preambles to trigger MSG3 repetition. 
Hence, option 2-1 can facilitate NW to determine and dynamic indicate number of repetitions for MSG3. That is also the reason we prefer option 2-1, for other options, we agree with Samsung that it is difficult for NW to determine the number of repetitions, due to non-separated PRACH resources and power ramping mechanism. 
[SS]: we actually more agree to that UE should be decided whether to do msg3 based on DL RSRP, so for this, we are in the same page. We just are not acceptable that only PRACH is used.

As pointed by many companies, option 2-1 has less PRACH capacity loss due to PRACH resource segment compared with option 1-1. We prefer to down-select to one option rather than support multiple options.
FL: Thanks for the good comments! 



First update
Current status is summarized as follows. 
	Proposal 1: For Msg3 PUSCH repetition, further down-select from Option 1-1 and Option 2-1, aiming for down-selection in RAN1#104b-e.
· Note: potential modifications of the two options are not precluded.  
Support (18): Apple, Sharp, Intel, Vivo, OPPO, Ericsson, CMCC, CATT, InterDigital, Panasonic (support both), China Telecom, China Telecom, LG Electronics, Xiaomi, Lenovo/Motorola Mobility, Spreadtrum, Huawei/HiSilicon, ZTE
Not support (2): Samsung, Nokia/NSB



As inline above, FL has tried to reply all concerns/questions raised by companies. Please have a check before making further comments! Considering this is very important aspect for this agenda, we need to find a way out in this meeting. Based on the input, I would suggest to further discuss the following three alternatives. Companies are encouraged to show your stance for each alternative in the following Table 3-1.
· Alt 1: Support Proposal 1 
· Alt 2: Support the following modified option. 
	· 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 occasion or separate PRACH preamble in case of shared PRACH occasions.
· 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 details if any.


The modified option inherits the main benefit from Option 2-1. That is, it only requires to use separate PRACH configuration for CE UEs in poor coverage (the number of such UEs would be quite limited, e.g., 5% out of the total # of Rel-17 CE UEs in the cell). This could relieve some of the concerns for PRACH capacity impact. In addition, thanks to the comments from Panasonic and vivo (second input), it seems Option 2-1 actual includes Option 1-1 if UE triggering condition can be controlled by gNB, e.g., the RSRP threshold can be configurable by gNB. If gNB configures a very small RSRP threshold, then all Rel-17 CE UEs that is capable of Msg3 repetition would trigger Msg3 repetition, i.e., equivalent to Option 1-1. The technical merit is it can be controlled by gNB and a wise gNB should configure a reasonable threshold depending on the PRACH capacity and # of different types of UEs in the cell. In addition, as commented by Xiaomi and vivo above, the RSRP and PRACH based measurement can be utilized together to assist gNB to make decisions, which is more accurate with sufficient assistance information.
FL’s understanding is that the modified option has the benefits from both Option 1-1 and Option 2-1, while could also address the concerns for companies supporting Option 1-2/2-2. It is a very good compromise for all companies. 
· Alt 3: Configurable between Option 1-2 and Option 2-1. 
· When gNB indicates to use Msg1 based differentiation, Option 2-1 is applied. 
· When gNB indicates to use Msg3 based differentiation, Option 1-2 is applied.
As commented by Samsung (also supported by Nokia), the concerns on either PRACH (too much partition) or Msg3 (blind detection etc) are hold on gNB side. Thus, they suggest to allow gNB to decide which one to use for differentiation and signalled along with CE configuration, instead of forcing gNB to always use only one of them.
Table 3-1 A summary of companies’ position on different alternatives.
	
	Support 
	Can live with
	Have strong concerns

	Alt 1
	
	CATT
	Nokia/NSB, Samsung

	Alt 2
	Qualcomm, Panasonic, vivo, Sharp, ETRI, Intel, CTC, CATT, DCM, NEC, Xiaomi, WILUS, ZTE, LG, Lenovo, Motorola Mobility
	
	

	Alt 3
	Nokia/NSB, Samsung
	
	



Companies are encouraged to add your company name in above table. If any additional comments on the proposed alternatives, please provide below. ONLY ESSENTIAL COMMENTS PLEASE!
	Company
	Comments

	Qualcomm
	We prefer Alt 2. We think a single indication via PRACH (for both capability indication and triggering) is enough, and request by UE can also implicitly mean capability indication for Msg3 repetition.

	Nokia/NSB
	We would simply like to add the following remark. It was acknowledged by FL that currently there are many features which use preamble partition. However, it was also argued by FL that it is questionable whether all these features would be enabled at the same time in a coverage limited scenario and it’s fully up to gNB’s configuration. We think this is the not the right way of looking at it and we respectfully disagree with this understanding. As matter of fact, gNB does not serve only coverage limited UEs, if any, but configures the cell to be able to serve coverage limited UEs…and any other UE in the cell. 

In this context, access configuration is provided via broadcast signaling; hence it applies to all UEs in the cell, not just coverage limited ones. Hence gNB may always configure multiple features which make use of resources for msg1 at the same time. Or are we actually saying that broadcast signaling configuring access will only account for the possibility of helping those 5% UEs in the cell experiencing coverage problems? What about the remaining 95%? Wouldn’t they need suitable broadcast configuration to be able to operate according to different features, when applicable, e.g., 2step RACH for UEs in good coverage, SDT and so on?

For this reason, we have very strong concerns of taking away control from gNB to decide how to configure access properly, depending on specific needs in the cell. We thus support Alt3.

	Panasonic
	In Option 2-1, actually the number of the repetition itself is not indicated. The indication of the number of repetitions from UE could be rather “what is RSRP situation” which could be considered as the suggested number of repetitions, coverage level, or Msg.3 repetition required situation. gNB should have the flexibility for the indication of the number of repetitions and/or whether to schedule Msg.3 PUSCH repetition or not based on the used preamble (corresponding RSRP. Therefore, we agree to FL’s modification of Option 2-1 (i.e., Alt.2).

	vivo
	Prefer Alt.2.
In our understanding, NW always takes control of how the PRACH procedure works, even if Alt-2 is adopted. If NW would prioritize the 2 step RACH or SDT, NW can simply disable MSG3 repetition feature by not provide separate PRACH preambles/occasion to trigger MSG3 repetition.

	Sharp
	Our preference is Alt-2. UE can request, and whether to apply msg3 repetition is up to gNB subject to scheduling decision. Further, whether to use UE request or not can be configured in SIB1, which makes full support of Option 1-1 and 2-1.
We have concern on Option 1-2 which requires gNB blind detection.

	ETRI
	We prefer Alt 1 and Alt 2 are acceptable, and Alt 2 is more aligned to our intention.

	Intel
	We support Option 2-1. This is our understanding of how the system would work. Basically, Msg3 PUSCH repetition can be triggered only for these UEs who support Msg3 PUSCH repetition and meanwhile need coverage enhancement. For this option, given the fact that the number of UEs who satisfy these two conditions may be limited, this indicates the number of preambles can be small in case of shared ROs, which can help minimize the impact on legacy system. 
Some minor editorial change on the modified Option 2-1: RACH procedure should be triggered, not requested. 
·  A UE can request triggertrigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.

FL: The reason I changed to ‘request’ is that, ‘trigger’ may give people an impression that the control is at UE side, and once UE triggers, the number of repetitions has to be at least 2. Using request seems clearer. On the other hand, given we have already add that ‘gNB decides whether to schedule Msg3 PUSCH repetition or not.’ I would say there is no much difference either way. To relieve the concern, maybe we can delete ‘RACH procedure’. 
A UE can request trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.

	CMCC
	Alternative 2 is preferred. It seems a step forward compared with alternative 1. 
Blind detection will increase the complexity of gNB and may waste the uplink resources in the option 1-2. That is reason we do not support the alternative 3

	Samsung 
	@FL, Pls see my replies to your comments in 1st Round; I am sorry to say that there seems more issues.
@vivo, pls see my replies to your comments in 1st Round. I am sorry to say that we have difficulty to understand how the operation in your comments can solve our question for gNB’s ability to dynamically indicate the repetition number, which is not tied to a specific option we discuss here.

Although we did not put our name on “having strong concern” for alt.2, but we do have concerns, just not as that strong as Alt.1. This is a general concern on using separate RO in case any options are selected.
The concern is that the separate RO configuration (by a new RPACH configuration index) will have strong impact on the regular RACH procedure, gNB will have the overhead to accommodate multiple SSB-RO mapping pattern, especially with the burden to align the beam capability (e.g., single beam at one time) to the RO configuration. In R15/16, we already to two RACH types, I don’t think build another RACH procedure is work for CE, what we should do is on top what we have current (4step) RACH. So we can see it could be feasible for gNB to (partially shared) the ROs per SSB for the use of CE.


	Ericsson
	Thanks for the good discussions and clarifications on this issue.
Is alt2 now the same as alt1 if we do not introduce an RSRP threshold for UE to select a PRACH resource set between PRACH set 1 for legacy UE and the PRACH set 2 for new UEs supporting msg3 repetition?
If the intention is only to introduce a criterial (e.g. the RSRP must be lower enough in order to use the PRACH resource for UEs supporting Msg3 repetition) for PRACH resource set selection, I guess we should still use the text in option 1-1 in main body text, i.e. we can live with following text updated based on option 1-1 below and are open to discuss the additional criterial for the PRACH resource set selection by Msg3 repetition capable UEs:
· Updated 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.
· FFS whether a criterial e.g. SS-RSRP threshold, is needed for selection of PRACH resource set indicating the support of Msg3 PUSCH repetition.
· 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.
FL: I once considered to modify based on Option 1-1. But I noticed there is actually no fundamental difference between Alt 2 and what you proposed. 
· If the SS-RSRP threshold would not be defined in the end, all Msg3 capable UEs would use separate PRACH configuration for capability indication. That is, it falls back to original Option 1-1.
· If the SS-RSRP threshold would be defined, then a UE would only indicate its capability when the conditions satisfied. Then, it is the same as Alt 2 (the modified Option 2-1). As also commented by Qualcomm, request by UE can also implicitly mean capability indication for Msg3 repetition. 

	CATT
	Alt2 is our first preference and can also live with alt 1. 
An echo to Nokia’s reply: “option 1-2 and option 2-2 do not mandate a gNB to monitor each Msg3 transmission with two assumptions, since gNB would not configure possibly redundant resources for all UEs but only in those 5% cases which may need coverage enhancement, as per your argument.”
That’s true gNB only needs to configure additional configurations for the 5% coverage enhancement UE as the other UEs can never get the CE-specific configuration. But it is exactly where the mandatory monitoring comes from: gNB knows there are two configuration sets, i.e. one for legacy UE and one for CE UE, but does not know how to detect the Msg3 PUSCH before it decode the Msg3 PUSCH successfully or confirm one of the configurations. There is no way for gNB to identify which configuration is applied to the Msg3 PUSCH before it receives it. Consequently, gNB has to try to receive each Msg3 PUSCH with different assumptions. 

	NTT DOCOMO
	We prefer Alt2. To avoid the blind detection and waste of assigned repetition resources, Opt1-1 or 2-1 are preferred. It is difficult for UEs to indicate the requested number of repetitions, due to large signaling overhead. It implies that gNBs have to decide the number of repetitions somehow (e.g., received quality of msg1). Given this, anyway gNBs need to realize the necessity of msg3 repetitions regardless of UE request. For this reason, we think support indication Opt1-1 is enough.

	Vivo2
	@Samsung, pls see our reply below.
[SS]: sorry we may not mis-understand the solution, “UE can not meet the above requirement even if the maximum transmission power is used”, so gNB did not even detect such UE, how could gNB do anything to this UE? “NW can compare the PRACH receive power with the target receive power, and determine the number of repetitions for MSG3”, the target receive power is same for all UE, and being configured so that the Tx power is not so large to avoid interference. And as we explained, the PRACH receive power of these being detected, should not be large. So..
More generally, your comments seems not direclty answer my question, sorry to say this. And this “indication of repetition number” issue is not tied to a particular option in here, no matter which option we adopted, we will need to discuss the indication anyway.
To go to msg3 stage, gNB needs to first detect these preambles. Then our question was that because of the power ramping mechanism and power setting principle, the difference among PRACH received power from which is being detected, is not large. So gNB cannot have enough information to dynamically indicate the repetition number. gNB can best provide a number of repetition to these UE who thinks they need msg3 repetition based on DL measurement. 
[vivo]: Thanks for further comments.
For determination of Tx power for PRACH, UE need to compensate the pathloss measured based on SSB in current power control mechanism. For UEs in poor coverage, i.e. low RSRP measured, UE can not compensate the full pathloss, and the target receive power required by NW can not be fulfilled, even if the max UE tx power is used. But a lower actual receive power for PRACH does not mean NW can not detect the PRACH. NW can determine whether the PRACH receive power matches the target receive power based on the detected preamble, and determine the number of repetitions based on the differences. Note that in current RACH procedure, NW also need to measure receive power based on preamble, and provide TPC command in RAR UL grant. Hence, measure PRACH receive power is not a new behaviour at gNB.
Although the target receive power is same for all UEs, it also does not mean NW can not detect a lower PRACH receiver power, especially for poor coverage UEs which can not compensate the pathloss even if the max Tx power is used. A RSRP threshold can be configured by NW, to ensure that UE use the max Tx power to transmit the preamble which is used to trigger MSG3 repetition.
If separate PRACH preamble for R17 poor coverage UEs and other UEs (i.e. opt 2-1), the ambiguity caused by power ramping mechanism no longer exists. We agree that this method is tied to option 2-1. And we consider how to indicate number of MSG3 repetitions and which options to choose as a whole. For other options, we have the same understanding as Samsung that NW has difficulties in determine whether and how to schedule MSG3 repetitions.
Hope this can clarify our understanding.

	Xiaomi
	Alternative 2 is preferred. 
Besides, if the enhanced UE determines through SS-RSRP that repetition is not required, the UE can select one of the ROs or preambles in the same PRACH resource set as the legacy UE, to initiate the RACH procedure.

	Nokia/NSB2
	Few additional comments:
@vivo: You wrote: “In our understanding, NW always takes control of how the PRACH procedure works, even if Alt-2 is adopted. If NW would prioritize the 2 step RACH or SDT, NW can simply disable MSG3 repetition feature by not provide separate PRACH preambles/occasion to trigger MSG3 repetition.”
This is true. However, from our perspective, the part “NW can simply disable MSG3 repetition feature […]” shows the flaw of this logic. What is the point of specifying a feature, which is meant to be used for coverage enhancement (i.e., an important target), if we know since the beginning that this feature may need to be disabled very often, if the other 95% UEs do not need this feature at all? Don’t you think most gNBs will decide not to enable this feature at all in the first place? Think about all the PUSCH resource it would still consume, by design, and by all considered alternatives. If Alt 1 or Alt 2 are chosen, then there would also be important PRACH resource consumption. For what? 5% UEs? In our view, this would result in a feature that may never be used in practical deployments, due to its cost. Certainly, if the price to pay is the preamble space segmentation (reserved ROs are another story and may be better if smart design is considered). Either way, we really do not see why giving gNB the choice on how to use UL resource would be bad (as per Alt. 3). After all, decisions on UL resource are taken 100% by gNB, so what would the problem be? 
This brings us to say that we could probably live with a modified version of Alt.3 where gNB can choose from a slightly modified Option 1-1 (Ericsson’s version seems a good starting point to us, please see our comments below) and Option 1-2. In this case, gNB could decide which approach to use, without any mandatory behavior, whereas from UE perspective nothing would change between the two options in terms of operations.  

@CATT: You wrote: “That’s true gNB only needs to configure additional configurations for the 5% coverage enhancement UE as the other UEs can never get the CE-specific configuration. But it is exactly where the mandatory monitoring comes from: gNB knows there are two configuration sets, i.e. one for legacy UE and one for CE UE, but does not know how to detect the Msg3 PUSCH before it decode the Msg3 PUSCH successfully or confirm one of the configurations. There is no way for gNB to identify which configuration is applied to the Msg3 PUSCH before it receives it. Consequently, gNB has to try to receive each Msg3 PUSCH with different assumptions”
We do not agree with your conclusion. What you refer to as “mandatory monitoring” would still occur only in 5% of the Msg3 reception cases at gNB, i.e., for all those cases for which gNB has configured Msg3 repetitions. Why would gNB need to receive Msg3 PUSCH with two different assumptions if no uncertainty exists in the first place? Please note that this would happen 95% or the cases (according the numbers we are using for simplicity, after your first comment). In other words, if gNB configures Msg3 repetitions only 5% of the times (say, on average), why would the “mandatory monitoring” occur all the times? In our view, it would still occur only 5% of the times, since those are the cases for which gNB could have the ambiguity. Unless you are assuming UE multiplexing over the same T/F resource, but this has never been on the table and would seem an overkill solution for only 5% of the cases…We would not agree to this. Could you please clarify?

@Ericsson: As we mentioned in our reply to CATT, this modified version of option 1-1 seems more balanced to us, even if we would prefer removing the part about preambles and leave only the part about ROs (planned latency due to ROs is much better than random latency due to preamble collision in our view). Would you be willing to discuss this aspect? We would find a modified alt. 3 with updated Option 1-1 and Option 1-2 a rather balanced solution to preserve the spirt of what many companies want without stripping NW from full control on UL resource and reasonable implementation freedom (gNB could decide which approach to use, from UE perspective nothing changes in terms of operations).
· Updated 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.
· FFS whether a criterial e.g. SS-RSRP threshold, is needed for selection of PRACH resource set indicating the support of Msg3 PUSCH repetition.
· 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.

· FL: I am a bit confused why the modified Option 1-1 would be more balanced for you. As I commented to Ericsson above, if the SS-RSRP threshold would not be defined in the end, all Msg3 capable UEs would use separate PRACH configuration for capability indication. That is, it falls back to original Option 1-1. This would requires more PRACH resources for the feature of Msg3 repetition. I think this is not you want. If the SS-RSRP threshold would be defined, then a UE would only indicate its capability when the conditions satisfied. Then, it is the same as Alt 2 (the modified Option 2-1). As also commented by Qualcomm, request by UE can also implicitly mean capability indication for Msg3 repetition. 

	Vivo3
	Reply to @Nokia/NSB comments
First, separate PRACH preamble for only small ratio (e.g. 5%) of UEs, does not take too much cut from the PRACH resource pool. If NW really cares the PRACH resource consumed for MSG3 repetition, disable the feature can be considered. Nevertheless, we do not think the low portion of the resource consumption will make much difference.
Secondly, we are actually striving to make this feature work well. Based on the previous discussions, option 1-2 has drawbacks (at least compared to opt 2-1) that NW has difficulties in determine whether to schedule MSG3 repetition and the number of repetitions, which makes benefit can not be obtained, if the NW make a conservative scheduling decision. Or NW would reserve too much resource for MSG3 repetition, which leads to unclear performance from system level perspective. Hence, we prefer not to have such option. Besides, considering 2 step RACH mechanism and [SDT], separate preambles/ROs must be configured for differentiation. We suppose there would always be methods, e.g. at the expense of higher NW complexity, degraded performance, or higher overhead, to make these feature work with non-separated PRACH preambles. Apparently, these features, which relies on PRACH preamble, did not choose this way, which means NW either using separate PRACH resource/preamble for these features or disable the feature. So, why for MSG3 coverage enh feature, shared preambles should be supported, and NW and UE have to suffer from the drawbacks?

	LG Electronics
	Alt.2 is preferred in order to avoid blind detection and waste of assigned resources.

	CATT2
	Echo to Nokia/NSB comment:
It seems that you assume there are no mixed between coverage enhancement UE and other UEs in 95% time? That is, during most of time, only non-coverage enhancement UE exists in the network? 
This part we cannot agree with. From our understanding, coverage enhancement UE and legacy UE should stay in the cell simultaneously and the uncertainty exists always. Maybe the cut-off of coverage enhancement UE in the system is small but gNB cannot determine whether a UE is a coverage enhancement UE or not if option 1-2 is adopted as there are non-CE UEs in the system as well. gNB can only determines the repetition number of msg3 PUSCH based on its judgement (the mechanism may need to be further studied which is common to all the options). If UE is a coverage enhancement UE, it will transmit Msg3 PUSCH with repetition as gNB indicates. Otherwise, not.
Could you please elaborate a bit more how gNB identifies coverage enhancement UE and other UEs before Msg3 in order to avoid blind detection?



Second update
From FL perspective, as I also summarized in the first update, Alt 2 only requires to use separate PRACH configuration for CE UEs in poor coverage. The number of such UEs would be quite limited, e.g., 5% out of the total # of Rel-17 CE UEs in the cell. The impact on PRACH capacity would be limited. However, it seems there are still two companies have concerns on Alt 2. On the other hand, Alt 3 indeed provide more flexibility for gNB to choose which option can be implemented, though majority companies don’t think Option 1-2 is an attractive choice. 
I am afraid that it’s very difficult to make further progress by email discussion. I would ask for discussion based on the following updated proposal in the next GTW session. 

Proposal 1-v1: For Msg3 PUSCH repetition, choose one of the alternative below at RAN1#104-b-e. 
Alt 2: 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 occasion or separate PRACH preamble in case of shared PRACH occasions.
· 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 details if any.

Alt 3: Configurable between Option 1-2 and the above modified Option 2-1. 
· When gNB indicates to use Msg1 based differentiation, the modified Option 2-1 is applied. 
· When gNB indicates to use Msg3 based differentiation, Option 1-2 is applied.

	Company
	Comments

	Apple
	Q: What is the difference between Alt2 and Option 1-1? Is modified Option 2-1 same as Alt2 or there is any difference? 
FL: The main difference is that Alt 2 only requires to use separate PRACH configuration for CE UEs in poor coverage. The number of such UEs would be quite limited, e.g., 5% out of the total # of Rel-17 CE UEs in the cell. The impact on PRACH capacity would be limited. While Option 1-1 requires all Rel-17 UEs capable of Msg3 PUSCH repetition including those cell-center UEs have to use separate PRACH configuration. More details please find FL summary in section 2 and the discussion in this section. 
Yes, Alt 2 is the same as modified Option 2-1. 

	Huawei, HiSilicon
	OK with the proposal if the following subbullet can be added to Alt 2, which makes it clearer and complete the solution,
· The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
FL: My understanding is that even the UE reports its capability after initial transmission, NW may still don’t know whether the UE supports Msg3 repetition or not when the UE transmits PRACH with legacy configuration for random access later. Then, what’s the benefit of such capability reporting? Could you clarify? 
My suggestion was to further discuss this given we have the last sub-bullet for all details for FFS. But, I add it in square brackets now to facilitate the GTW discussion. 

	Samsung 
	We really appreciate the effort of FL to make progress, although our preference is still alt.3, we like make some modification to alt.2 (which is actually included in alt.3 as well) to address our concern on using separate RO.

· 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 occasion or separate PRACH preamble in case of (partially or fully) shared PRACH occasions per SSB after SSB-RO association.
· FFS using separate PRACH occasion.
· 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 details if any.

Our concern on using separate RO is pasted here: 
This is a general concern on using separate RO in case any options are selected.
The concern is that the separate RO configuration (by a new RPACH configuration index) will have strong impact on the regular RACH procedure, gNB will have the overhead to accommodate multiple SSB-RO mapping pattern, especially with the burden to align the beam capability (e.g., single beam at one time) to the RO configuration. In R15/16, we already to two RACH types, I don’t think build another RACH procedure is work for CE, what we should do is on top what we have current (4step) RACH. So we can see it could be feasible for gNB to (partially shared) the ROs per SSB for the use of CE.

To Vivo, thx for your explanation. I think I understand your thought on how it works. But do you think your method is basically saying gNB can differentiate UE who needs msg3 repetition and who doesn’t? let’s say the PRACH receiving power of UE1 and UE2 are same as P, but due to RSRP threshold, UE1 and UE2 chose different preamble, so gNB can know, UE2 is actually need repetition. However, our original question is that for these many UE2(s) who already need repetition, based on the PRACH received power, why gNB could determine a dynamic repetition number. Thx for mentioning the TPC command, this is due to the PRACH reception and PUSCH decoding is still different, and also gNB needs to consider the case that collision caused too high receive power, and also the PRACH reception power difference in as certain range. So if with already dynamic indicated TPC command to deal with power difference, the motivation and necessity to have a dynamic indication of repetition number. I think with an option that allows UE to request msg3 repetition, the RSRP based method can be used, option 2-1 is just one of them.


	vivo
	Fine with FL proposal. Although we strongly prefer to down select to Alt.2. 
To @Samsung, thanks for further comments. 
Even if there is already TPC command which may allow UE to increase transmission power, poor coverage UE does not have headroom to further increase Tx power since the max Tx power have already been used once the separate preambles are selected, as we explained earlier. Hence, only repetition can be relied on.
For the motivation of TPC command, we agree that the required SNR of PRACH and MSG3 can be different. While in our understanding, the difference can be resolved by higher layer parameter msg3-DeltaPreamble. And TPC can be provided from NW based on uplink measurements for further Tx power adjustment. 
Besides, certain forms of measurement based on PRACH preamble have already been implemented in PRACH detection. For example, NW need to compare with the peak correlation value with certain threshold, to determine whether the preamble is received. The (peak) correlation value is kind of measurement results from signal processing perspective. Additional NW complexity is limited, if intermediate outputs in gNB receiver is used to derive PRACH receive power.
For PRACH collision as you mentioned, the worst case is NW does not schedule repetition for MSG3, and no performance gain in these few cases. For most cases, better MSG3 coverage can be expected.



Based on the comments, I further updated the proposal below, which will be send to Chairman for GTW discussion. Note that, I changed the index of the Alts, i.e., Alt 2 -> Alt 1, and Alt 3 ->Alt 2. This is just for sake of facilitating our discussion. 

Proposal 1-v2: For Msg3 PUSCH repetition, choose one of the alternative below at RAN1#104-b-e. 
Alt 1: 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 occasion or separate PRACH preamble in case of shared PRACH occasions.
· 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.  
· [The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual]
· FFS details if any.

Alt 2: Configurable between Option 1-2 and the above modified Option 2-1. 
· When gNB indicates to use Msg1 based differentiation, the modified Option 2-1 is applied. 
· When gNB indicates to use Msg3 based differentiation, Option 1-2 is applied.

Update from GTW session: 

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.


[Close] Issue#2: Early termination of Msg3 repetition
Q 2.2.1: Do you think it is necessary to send an LS to RAN2 regarding this issue? If so, what’s your views about the LS contents? The following texts could serve as a starting point. 
	RAN1 has discussed the following two options about the (re)-start of ra-ContentionResolutionTimer and PDCCH monitoring for Msg3 PUSCH repetition, and no consensus is reached. From RAN1 perspective, Option 2 could achieve early termination of Msg3 PUSCH repetition, which could save some unnecessary repetition resources and potentially reduce the RACH access latency. It is particularly beneficial in case of TDD operation. However, it’s RAN1 understanding that Option 2 may have RAN2 impacts on Contention Resolution procedure. 
· Option 1: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring in the first symbol after the end of the all repetitions of Msg3 (re-)transmission
·  Option 2: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring before the end of Msg3 (re-)transmission, e.g., in the first symbol after the end of the first repetition of Msg3 (re-)transmission. 
RAN1 respectfully ask RAN2 about the feasibility of Option 2 from RAN2 perspective. 



	Company
	Comments

	Sharp
	We propose Option 3 that ra-ContentionResolutionTimer starts at the end of each repetition. We can interpret as Option 3 without spec. update since HARQ retransmission refers to each repetition in TS38.321.
FL: Thanks for the good comments. It seems there could be different interpretations, i.e. whether current MAC spec should be interpreted as Option 1 or Option 3. 

	Intel
	Our understanding is that early termination of PUSCH repetition is out of scope for NR coverage enhancement. It is not clear to us why we need to discuss this issue for Msg3 PUSCH repetition. 
We do not support this proposal.  

	vivo
	LS to RAN2 is necessary, since the spec change should be reflected in TS38.321. 

	OPPO
	Option 2 may have additional power consuming for UE PDCCH monitoring. The repetition number is indicated by gNB. It can be optimized to reach required coverage with minimized repetition number through gNB implementation. Then gNB can decode Msg3 successfully after combine all the Msg3 PUSCH repetition. Consider the spec impacts and UE power consumption, option 1 is preferred. 

	Ericsson
	Early termination, which is a capacity/latency enhancement rather than the performance enhancement in our view, is not in scope for normal PUSCH enhancement after long discussions in study item phase. And we do not see the need of such functions for a Msg3 PUSCH either.
Regarding whether any specification changes are needed in MAC, it should be up to RAN2 to further discuss, they will have TU allocated from August meeting. According to current spec. of 38.321, it seems that the repetition can be covered already, i.e. “the end of Msg3 transmission” means the last repetition (if any) of each Msg3 transmission.
	[bookmark: _Toc52752004][bookmark: _Toc67931525][bookmark: _Toc46490309][bookmark: _Toc52796466][bookmark: _Toc37296183]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;



According to above, we do not see the need of an LS to RAN2 from RAN1 on this.

	CATT
	We don’t think LS to RAN2 is necessary until RAN1 has sufficient technical discussion as well.
From our understanding, option 2 at least has the following two drawbacks which needs serious consideration:
1. Repetition is only indicated when the coverage is pretty bad. Typically, all the repetitions need to be transmitted at UE side and received at gNB side in order to compensate the performance gap. In the other word, UE has to monitor PDCCH in vain if the timer starts after each repetition before gNB decodes Msg3 sucessfully.
2. Early termination means UE needs to cancel the subsequent PUSCH. The timeline of cancellation needs to be further studied. 

	Panasonic
	We are OK to send an LS to RAN2 regarding this issue. 
At first, ra-ContentionResolutionTimer can be differentiated between repetition case and non-repetition case should be discussed. If the differentiation is allowed, we think Option 2 allows early termination of the repetition (if early termination of PUSCH is supported). If early termination of PUSCH is not supported, or if the same value of ra-ContentionResolutionTimer is used for repetition and non-repetition case, Option 1 should be used.

	China Telecom
	We think early termination of Msg3 repetition is beneficial for the UL performance by saving PUSCH resources. As proposed by some companies that RAN2 guidance on this issue is needed in the last meeting, we think that send an LS to RAN2 is beneficial for the progress of this issue.

	LG Electronics
	It is not clear to discuss the operation for supporting early termination of msg3 repetition. Also, we think that discussion for ra-ContentionResolutionTime is the scope in RAN2.
It is not necessary to discuss Issue#2 in RAN1.

	Xiaomi
	Agree with Intel. Early termination of type A PUSCH repetition is out of the scope of coverage enhancement.

	Spreadtrum 
	We don’t think this LS is needed at this stage. 
In our understanding, the current spec can be interpreted as Option 1, no other spec change is needed. While regarding the option 2, it seems that the benefits of early termination is unclear for now, before we send the LS, we need to make it clear.

	Samsung 
	From RAN1 point of view, we just need to discuss when UE can start to monitor the PDCCH (when potentially gNB can feedback to UE), whether restart the timer or not, it will be up to RAN2 to decide once we have make our decision in RAN1 and inform them. 

	Nokia/NSB
	Agree with Intel and Ericsson. Furthermore, and sorry for being pedantic, we should really strive not to mix RAN1 and RAN2 concepts in this AI. This is happening for at least 3 issues discussed in this document.

	Huawei, HiSilicon
	It is too premature to send a LS to RAN2 before RAN1 consensus on the benefit of Option 2. Suggest to have more RAN1 detailed design and consensus first.

	ZTE
	We are fine to send an LS to RAN2 given the contention resolution timer is more RAN2 related. 


First update
Based on the comments from Sharp, it seems there could be different interpretations on current contention resolution procedures in TS 38.321. Firstly, 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 natural 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, it could be interpreted that the each HARQ retransmission is one repetition and the timer could be re-started in the first symbol after the end of the Msg3 transmission. Note that, ‘the Msg3 transmission’ in this case could be interpreted as each repetition, i.e., both transmission or retransmission is one repetition.  
	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;



Then, it seems MAC spec would support early termination of Msg3 repetition if no further spec change is done. With said above, FL encourages companies to further check above analysis and provide your views below, including 
1) whether the analysis is correct, 
2) which interpretation you prefer, and 
3) whether to send an LS to RAN2.

	Company
	Comments

	Qualcomm
	The early termination of Msg3 transmission has the following implications to the UE:
· UE may be required to monitor more PDCCH since PDCCH monitoring starts after the first repetition. This is especially not good when the number of repetitions is high; and may consume more UE power than intended early termination.
· UE has to be able to cancel PUSCH transmission. Typically, such cancellation is UE capability. Hence, it is not a good idea to enable it during RACH
We don’t agree that the current spec already support the early termination since there is no repetition in R15/16. Now looking at MAC spec, “the end of Msg3 transmission” could mean that the end of the last repetition transmission since Msg3 transmission consists of transmission of all configured repetitions. 
	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;




	vivo
	We checked with our RAN2 colleagues, and we agree with the FL’s analysis that restart ra-ContentionResolutionTimer after each repetition is already supported, if MSG3 repetition is introduced without RAN2 spec change.
If RAN1 can justify the benefits of starting timer after the end of all repetitions, and have consensus to postpone starting time of the ContentionResolutionTimer, LS to RAN2 may be necessary.

	Sharp
	We are not sure if the above interpretation leads to early termination of msg3 repetition. Probably we may prioritize, in this meeting,
1) what is the behaviour of ra-ContentionResolutionTimer with the current specification when msg3 repetition is supported, and
2) if we need to send an LS to RAN2.
Whether early termination for msg3 repetition should be supported or not should be discussed separately from this discussion. 

	ETRI
	Our interpretation is similar to Qualcomm and Ericsson. However, since the retransmission is not defined yet for Msg3, we think that it is good to send LS to RAN2.

	Intel
	We share similar view as Qualcomm that early termination is not supported, especially for Msg3 PUSCH repetition. It seems there could be substantial RAN1 impact if early termination is supported for Msg3 PUSCH repetition, e.g., UE capability, mechanism to indicate early termination, UE behaviour when receiving the early termination indication. Our view is that current spec is clear and there is no need to change the spec in 321. We do not need to send LS to RAN2. 

	Ericsson
	As we commented earlier, early termination is not in the scope of this work item which should be the common understanding in RAN1. 
For interpretation of RAN2 spec. when repetition is enabled, it’s up to RAN2 to discuss from August.
We cannot help RAN2 to find all the potential changes in RAN2 specs. when msg3 is repeated. 

	CATT
	We share the same views with Qualcomm and Intel. We shouldn’t mix Msg3 transmission and normal PUSCH transmission. There are several key difference between Msg3 and other PUSCH, which we have mentioned in our first round comments:
1. Repetition is only indicated when the coverage is pretty bad. Typically, all the repetitions need to be transmitted at UE side and received at gNB side in order to compensate the performance gap. In the other word, UE has to monitor PDCCH in vain if the timer starts after each repetition before gNB decodes Msg3 sucessfully.
2. Early termination means UE needs to cancel the subsequent PUSCH. The timeline of cancellation needs to be further studied.
We don’t think an LS to RAN2 is necessary either.

	NEC
	We are find to send LS to RAN2. We think RAN1 can decide which option since the timer is for PDCCH monitoring. When to start the timer depends on where to monitor PDCCH.

	Xiaomi
	We share the same view as Qualcomm. Since msg.3 repetition is enabled, it means that multiple number of repetitions are most likely necessary due to the bad coverage condition, and gNB may be not able to decode msg.3 correctly until the last number of repetition. So, it seems that there is no need to adopt early termination mechanism, which may cause more number of PDCCH blind decoding and more power consumption to the Redcap UE. In summary, we don’t think an LS to RAN2 is necessary.

	Nokia/NSB
	Agree with Ericsson. Need for early termination is counterintuitive, given the goal RAN1 has in this feature is to ensure good coverage for Msg3. 
Furthermore, we should not mix PUSCH repetitions and Msg3 transmission. Certain wording choices in 38.321 have certainly been made given that current RAN2 spec does not account for the possibility of repeating Msg3. Of course, we could express our interpretation of RAN2 spec as of today, but would this really matter? 
Indeed, any possible interpretation in this sense could be questionable and RAN1 could lose a lot of time discussing this, with no possibility to find any conclusive proof. Sending an LS to RAN2 would also not solve the problem given that RAN2 would not be able to commit on anything as of today, since their activity starts in August and, either way, current spec does not account for Msg3 repetition.
In our view, the question should first be about “early termination of Msg3” as a concept. We do not think this is needed, for the reasons we (and other companies) already mentioned. 

	LG Electronics
	We don’t think an LS to RAN2 is necessary. It is unclear that ‘early termination of msg3’ is in a work scope for CE WI. 

	FL
	Companies’ views are still divergent, regarding the following aspects.
· How to interpret MAC specification
· Regardless of whether RAN1 would agree early termination or not, it seems further RAN2 discussion is need. Note that, RAN2 TU for CE (0.5 TU in Misc R1 items) is still pending to be confirmed in June RAN plenary meeting. If the TU is confirmed, RAN2 will start discussion from Aug. meeting. 
· Whether to send an LS to RAN2.
· Seems not agreeable for now
· Where should the UE start to monitor PDCCH before the end of all Msg3 repetitions or whether early termination should be supported.
· This is a fully RAN1 aspect. We can further discuss this in RAN1 without considering RAN2 impacts. 

Considering the situation now, FL suggests to close the discussion for now, and focus on other more important issues. We can come back later this meeting or the next meeting. 




[Close] Issue#3: Cell selection criterion S for CE
Question 2.3.1: Do you think is it necessary to send an LS to RAN2 about cell selection criterion S for CE? 
	Company
	Comments

	Sharp
	For cell selection, the change is not necessary. Cell selection criteria should be set for downlink coverage.

	Intel
	It would be good to clarify more on this proposal. 

	Ericsson
	Msg3 repetition is actually mainly for PDCCH overhead/latency reduction rather than coverage in our understanding compared to legacy msg3 retransmission already supported in Rel-15 and real NR product.
Furthermore, coverage enhancement is not coverage extension of NR, which is different from the purpose of mMTC, cell selection criterion should be the same as Rel-16 NR even if msg3 is repeated in our view. 
Thus, the LS to RAN2 seems not necessary in our understanding.

	Panasonic
	We think it is necessary to send an LS to RAN2 about cell selection criterion S for CE. 
Our understanding is this criterion takes into account both downlink and uplink coverage. 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. 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. If coverage enhancement increases Msg.3 coverage, we think Qrxlevmin and Qqualmin 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.

	LG Electronics
	The motivation of discussion for cell selection criterion S for CE in RAN1 is not clear. 
Also, we have same view with Ericsson. The purpose of CE WI is different with the purpose of mMTC.

	Xiaomi
	Agree with Ericsson.

	Nokia/NSB
	Agree with Ericsson. If applicable, we could come back to this aspect towards the end of the Release.

	Huawei, HiSilicon
	Unclear benefit yet. Too premature to send a LS. 

	ZTE
	We think the issue is valid. It’s better to inform RAN2 about related issue, and whether to make any enhancement for CE is up to RAN2. 

	Qualcomm
	We don’t think this discussion is needed since R17 CE enhancement scope is different from mMTC. 

	Panasonic 2
	We see the interpretation that to enhance the coverage itself is not considered would be possible, although we don’t think such way. In order to allow Msg.3 retransmission, gNB needs to detect the transmission even if Msg.3 FEC decoding itself is failure. DTX detection can be more demanding SINR condition than FEC decoding. If Msg.3 itself is not detected, the request of retransmission itself is impossible. We think Msg.3 repetition also allow more reliable DTX detection to have Msg.3 retransmission.

	NTT DOCOMO
	Agree with Ericsson and Sharp.

	NEC
	We think LS is needed. CE UE is a little bit like SUL supported cell that uplink coverage can be improved and cell selection criteria hence needs update.


First update
It seems majority companies who provided reply think it is premature to send an LS to RAN2. Meanwhile, there are quite many companies didn’t reply. Given this is the first meeting to discuss this issue, I would suggest to leave more time for companies to further check. We could come back this later on in this meeting or in the next meeting. 

If you have not provided you input yet or do you want to change your views, please continue to add your input in above table. 

The issue is closed now. Let’s give companies more time to check, and we can come back to this issue in further meetings. 

Issue#4: RV pattern for Msg3 repetition 
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.

	Company
	Comments

	Apple
	Is FFS trying to down-select “or”, basically the RV sequence will be either a fixed sequence or configured by SIB1. Is that the intention?
FL: Yes, the FFS means the RV sequence will be either a fixed sequence or configured by SIB1.

	Sharp
	We are fine with FL proposal.

	Intel
	We do not see the need to support configured RV sequence for Msg3 PUSCH repetition. We suggest to modify this as 
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.


	vivo
	Fine with this proposal.

	OPPO
	In Rel-16, RV sequence can be flexibly determined by gNB through RV id in the DCI scheduling the PUSCH repetition. For PUSCH repetition Type A with a configured grant, a RV sequence can be configured.
For the RV sequence determination for the repetition of Msg3 PUSCH initial transmission, similar flexibility for RV sequence determination by gNB is preferred. A configurable RV sequence for Msg3 PUSCH initial transmission can be indicated in SIB1. 
For Msg3 PUSCH re-transmission, RV sequence can be determined by RV id indicated dynamically in DCI format 0_0 with CRC scrambled by TC-RNTI.

	Ericsson
	As we’ve discussed in last meeting, it’s always RV0 that is used for the initial Msg3 transmission in legacy which is enough in our view and there’s no need to introduce dynamic RV for the first repetition of initial transmission.
I.e. start with RV0 for initial transmission scheduled by RAR, and the start RV is the one indicated in DCI0-0 for retransmissions scheduled by DCI 0-0, similar to what we have in legacy.
Furthermore, when repetition is enabled, SNR and coding rate should be quite low, and whether different RVs or different RV sequences for multiple repetitions of Msg3 are beneficial should be further studied in simulations on Msg3. Same RV among all repetitions should not be precluded without further study. 
We propose following updates:
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV of repetitions other than first repetition of Msg3 sequence.  
· RV of the first repetition is determined in the same way as legacy
· Use a fixed RV 0 id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id in DCI0-0 for the first repetition of Msg3 PUSCH re-transmission.
FL: The original intention of this FFS is to further discuss whether to use a predefined RV sequence or configured one. If we delete the latter, the FFS may not be needed since once the RV sequence and RV id for the first repetition is determined, the whole RV pattern will be known. 

	CMCC
	Fine with the proposal. Considering the complexity, a predefined RV sequence is slightly preferred.

	CATT
	Fine with the proposal. The third sub-bullet is the current mechanism and should be removed.

	Panasonic
	We support Intel’s update.

	China Telecom
	Fine with the proposal.

	LG Electronics
	We are generally fine with the proposal 4 to use one predefined RV sequence [0 2 3 1] for msg3 PUSCH initial transmission. In addition, for msg3 re-transmission, we may follow the concept for normal PUSCH repetition which is not concluded yet for CE.

	Xiaomi
	We don’t see the need to configure the RV sequence for Msg3 PUSCH repetition with additional signalling overhead. From our perspective, the fixed RV sequence [0 2 3 1] is sufficient. Thus, we suggest modifying Proposal 4 as follows:
 Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use the fixed RV sequence [0 2 3 1] for Msg3 PUSCH initial and re-transmission. 
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.

	Lenovo, Motorola Mobility
	We support Intel’s update, and remove the first sub-bullet. 

	Nokia/NSB
	We do not see the need for dynamic RV indication during initial transmission. We agree with Ericsson and think that the modified proposed by Ericsson are a better starting point for this proposal.

	Huawei, HiSilicon
	The proposal seems to support two solutions to indicate a single sequence to a UE capable of Msg3 repetition, therefore, we suggest changes below to down-select them to one solution,
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.


	ZTE
	We support to use a predefined RV sequence, and the RV index for the first repetition of the initial transmission could be fixed to 0. Thus, we are fine with Ericsson’s update. 


First update
Except for one company, it seems all companies support to use fixed RV sequence. Follow the same logic, the RV id for the first repetition of Msg3 repetition could be also fixed to RV0. As commented by companies, it seems no clear motivation to make it configurable. Thus, the following proposal which is more specific is proposed. 

Proposal 4-v1: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· RV of the first repetition is determined in the same way as legacy
· Use a fixed RV 0 id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id in DCI 0_0 scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.

Please provide your comment below only if you have strong concerns!
	Company
	Comments

	Qualcomm
	We don’t think configuration of RV sequency is needed. Below is our suggested update:
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence for other repetitions other than the first repetition.  
· Use a fixed RV id for the first repetition of Msg3 PUSCH initial transmission.
Use a dynamically indicated RV id in DCI format 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission
FL: It seems Proposal 4-v1 above already addressed your concern, and please find my previous reply to Ericsson. 

	Nokia/NSB
	We confirm we are fine with the intention of the proposal; however, we are concerned by the possible contradiction existing between the main sentence and the second sub-bullet of the first bullet. Problematic parts are highlighted:
Proposal 4-v1: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1] for Msg3 PUSCH initial and re-transmission. 
· 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 in DCI 0_0 scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
FL: Sorry that I may not fully understand your comments, and I don’t find any discrepancy. The main bullet says we will use a predefined RV sequence, which is a sequence of RV, e.g., [0, 2, 3, 1] or ‘[0, 0, 0, 0]’. The last sub-bullet means the RV id for the first repetition of re-transmission could be dynamically indicated by DCI, i.e., one value out of the four values in the RV sequence. 
Note that, RV sequence is the terminology we used in current specification.

	Sharp
	We support FL proposal.

	ETRI
	We support the proposal.

	Intel
	We support the updated proposal. 

	China Telecom
	Support.

	Ericsson
	Agree with Nokia that for retransmission the first RV may be not RV0 depending on the RV indication in DCI. 
On top of that, we propose to delete “[0 2 3 1]” in the main text to allow “[0 0 0 0]” to be further studied as well, and leave the RV sequence to be open. This will also address the concern from Nokia. We agree on the RV of first repetition first.
I.e.:
Proposal 4-v1: For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· RV of the first repetition is determined in the same way as legacy
· Use a fixed RV 0 id for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id in DCI 0_0 scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
FL: If we allow [0,0,0,0], then the first repetition of re-transmission would be fixed to zero. Then why would we still use dynamic indication as the last sub-bullet says. I’d like note that this is simply try to reuse the current mechanism as much as possibly. For Msg3 re-transmission in Rel-15/16, the 2-bit RV bit field is used to dynamically indicate one of the RV id as follows. 
Table 7.3.1.1.1-2: Redundancy version
	Value of the Redundancy version field
	
Value of  to be applied

	00
	0

	01
	1

	10
	2

	11
	3




	CATT
	We support the updated proposal. 

	NTT DOCOMO
	We support the proposal.

	NEC
	Support the proposal.

	Xiaomi
	We support the proposal.

	WILUS
	We support the FL’s proposal.

	Nokia/NSB 2
	@Ericsson: We think what you proposed does not solve the contradiction we mentioned earlier. The main sentence says that predefined RV sequence is used for Msg2 PUSCH re-transmission. The second sub-bullet says that a dynamically indicated RV id is used for the first repetition of Msg3 PUSCH re-transmission.
We do not think that “predefined” and “dynamically indicated” are synonyms. Either the RV id is predefined, or it is dynamically indicated, it cannot be both, can it?
FL:Please find my reply inline in your first input above. 

	LG Electronics
	We are fine with FL’s proposal.

	Lenovo, Motorola Mobility
	Support the proposal.

	FL
	@Qualcomm, Nokia, Ericsson, please find my reply above. 
@all, It seems current Proposal 4-v1 is stable. 

	Apple
	We also support FL proposal

	Huawei, HiSilicon
	Support.

	
	



Second update
I noticed that I misunderstood Ericsson’s comment above. If I understand correctly now, they prefer to keep the RV sequence open, e.g., it may be possible to use RV 0 for all repetition of the initial transmission. Based on that, I’d like to further simplify the proposal as follows. In addition, I also made very minor editorial revisions. 
Proposal 4-v2: 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 in 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.  

Due to the inefficiency of email discussion, I strongly encourage companies to refrain from making any non-substantial comments! Especially for those in FFS points, there is no urgency to argue for keeping/deleting or for minor revisions. These details can be further discussed (if deemed necessary) only if we would have reached a high-level agreement. 
Please provide your comments below only if you have strong concerns! Please do not comment without making any suggestions to move forward! 
	Company
	Comments

	
	



The issue is concluded by the following agreements.
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.  


[Close] Issue#6: Support of intra-slot frequency hopping for Msg3 PUSCH with repetition 
Proposal 6: Support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
· 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. 
	Company
	Comments

	Samsung 
	We added our stance to not support intra-slot FH.
The detailed reasons are described in our tdoc, in short, there are quite strict requirement for this multiplexing to work, and the actual use case for this multiplexing is quite low.
FL: I would say different companies may have different understandings on whether the benefits for UE multiplexing is clear or not. 

	Nokia/NSB
	From our perspective, it should be clear in the proposal that no additional fields will be added to UL grant to control which FH mode is triggered by gNB. 
FL: we can add one FFS points for the detailed signaling design since as we have done for inter-slot FH. 

	Apple
	Support the intention, and we agree with Nokia/NSB not to introduce additional fields but repurpose existing fields in UL RAR grant for such indication. 

	Sharp
	Agree with Nokia. Intra-slot or inter-slot should be configured by RRC.

	Intel
	We are fine with the proposal. 

	vivo
	Support this proposal.

	OPPO
	Fine with this proposal.

	Ericsson
	Based on our simulation results, there’s loss from intra-slot FH compared to inter-slot FH in both cases with and without joint channel estimation. Furthermore, supporting both intra-/inter-slot FH for Msg3 repetitions requires more DCI/RAR signalling overhead which is already a problem for signalling of Msg3 repetition itself which needs to be handled in a backward compatible manner.
Regarding the “UE multiplexing” benefit mentioned in the summary section, when a UE is coverage limited, more scheduled symbols (but doesn’t have to be 14 symbols shown in the figure) in one slots are needed to be on the same hop so that more reliable channel estimation accuracy can be achieved instead of dividing the set of scheduled symbols in one slot into 2 hops. Latency critical UEs can be scheduled on other PRBs or symbols not used by the UE with Msg3 repetition, we do not see the benefit from enabling intra-slot FH compared to inter-slot FH, the number of symbols  per slot are already flexible enough.
FL: I would say different companies may have different understandings on whether the benefits for UE multiplexing is clear or not. 
According to above, we do not see the need of supporting intra-slot FH when Msg3 is repeated.

	CATT
	No. The benefits of supporting intra-slot frequency hopping are unclear.

	Panasonic
	We are fine with the proposal.

	China Telecom
	Fine with the proposal.

	LG Electronics
	We are fine with the proposal.

	Xiaomi
	We are fine with the proposal.

	Lenovo, Motorola Mobility
	We are fine with the proposal.

	Huawei, HiSilicon
	The proposal seems not to introduce additional DCI field to differentiate two hopping modes, so “enabled” in the first subbullet should be replaced with “configured”. Or similar to the text in TS 38.214, replace the subbullet with “only one of two frequency hopping modes, intra-slot or inter-slot, can be configured.”
FL: Based on the contributions, some companies prefer to use existing bit filed to enable or disable different FH mode. More details could be found in section 2. So, current wording seems more generic, and we can further discuss the detailed singling. 
Additionally, please clarify the exact meaning of “a transmission” in the second subbullet. Does it mean a multi-slot Msg3 PUSCH transmission? 
FL: Yes. 

	ZTE
	We are fine with the proposal. 



First update
Support: Apple, Sharp, Intel, vivo, OPPO, Panasonic, China Telecom, LG Electronics, Xiaomi, Lenovo, Motorola Mobility, Huawei, HiSilicon, ZTE, Qualcomm, ETRI, NTT DOCOMO, LG
Not support: Samsung, Ericsson, CATT, WILUS 
Fine either way: Nokia/NSB

Based on the input from supporting companies, the proposal is updated as follows. 
Proposal 6-v1: Support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
· 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. 
· FFS signaling design.

Companies are encourage provide further comments before the deadline of the first round. 
	Company
	Comments

	Qualcomm
	We are fine with the proposal.

	vivo
	We are fine with the proposal.

	Sharp
	We support FL proposal.

	ETRI
	We are fine with the proposal.

	Intel
	We are fine with the proposal.

	Samsung 
	Not support, 
Besides the difficulties to actually have such “benefits”, as we pictured in our tdoc, if this benefits are so good to have for case (a), I would assume case (b) is also a very attractive benefits to have, so we need to support enable both intra/inter FH. 
[image: ] [image: ]
(a)                                   (b)

FL: In Rel-15/16, both intra-slot and inter-slot FH are supported for PUSCH repetition type A. FL’s understanding is, it expects intra-slot has its own use cases. Better UE multiplexing could be one use case as commented by companies. For the two limitations mentioned in your tdoc (also copied below), FL’s understanding is that 7-OS PUSCH scheduling is actually very typical in practice. The time domain resource could be easily aligned. For Msg3 in the frequency domain, the number of RBs is typically about 1~4 RBs in practice, which can also be easily aligned.   
· The time domain resource allocation of three UEs need to be nicely aligned, i.e., the time domain starting positioning, the length of the transmission; 
· The frequency domain resource allocation of three UEs need to be nicely aligned, i.e., the f-domain starting positioning, the number of PRBs allocated; 
As for case (b), I am just wondering why UE2 would not be scheduled in the RBs as case a) shows, since it will cause resource fragmentation. Anyway, I agree that there is a trade-off here. 

	China Telecom
	Support.

	Ericsson
	For coverage enhancement of msg3, whether intra-slot FH should be supported when Msg3 is repeated should be justified by performance evaluations compared to inter-slot FH already agreed to be supported. Performance loss is seen in both cases with and without joint channel estimation when intra-slot FH is used in our evaluation.
We haven’t’ seen any technical benefit from intra-slot FH compared to inter-slot FH when msg3 is repeated for coverage enhancement. We propose:
Proposal 6-v1: Do not support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
FL: Please find my reply to Samsung above. 

	CATT
	We don’t support the proposal. As commented before, the motivation and benefits are quite unclear but the penalty may be huge.
We don’t agree with the argument that the legacy mechanism can be reused. It should be noted that the current mechanism is to configure the frequency hopping mode with UE-dedicated RRC signalling, which can control the UE behaviour precisely. However, for Msg3 PUSCH frequency hopping, only SIB1 is possible to indicate the frequency hopping mode if repetition is enabled. Subsequently, all coverage enhancement UEs have to use inter-frequency hopping or intra-frequency hopping. If inter-frequency hopping is configured for all the coverage enhancement UE, we doubt the arguments that intra-slot frequency hopping is beneficial for multiplexing between enhanced Msg3 PUSCH and other PUSCH transmission with intra-slot frequency hopping.
FL: There are several ways proposed for indication. More details please find in section 2. 
Actually we even doubt the argument on the benefits for multiplexing. There are UEs configured with inter-slot frequency hopping, intra-slot frequency hopping and without frequency hopping. How can intra-slot frequency hopping of Msg3 PUSCH repetition benefit for the diverse PUSCH transmission behaviour?
FL: Please find one example in section 2 and my reply to Samsung. 
All in all, it is totally gNB implementation issue. We cannot support Msg3 PUSCH repetition with intra-slot frequency hopping unless the benefits are justified.

	NTT DOCOMO
	We are fine with the proposal. 

	Xiaomi
	We are fine with the proposal.

	WILUS
	We don’t support the intra-slot FH for repetition of Msg3 initial and re-transmission. It is clear that intra-slot FH degrades the performance compared to inter-slot FH due to DMRS overhead. Also, it requires additional signalling to configure/indicate one of intra- or inter-slot FH. 
It is argued that the benefit of intra-slot FH is to multiplex Msg3 transmissions of legacy UEs and CovEnh UEs. From our point of view, the benefit is marginal because a gNB can schedule 1) Msg3 transmission of legacy UEs to be multiplexed first, 2) Msg3 transmission of legacy UEs without intra-slot FH and Msg3 transmission of CovEnh UEs with/without inter-slot FH to be multiplexed.
FL: I could understand different companies may have different understandings about how large the benefits would be. But a simple question is why intra-slot FH is also supported for PUSCH repetition type A?

	Nokia/NSB 2
	We would like to clarify our position. While we think that offering the possibility to gNB to configure intra-slot or inter-slot FH could be a good idea in principle, i.e., this gives more flexibility to gNB, we acknowledge the doubts expressed by companies which expressed negative views on this proposal. In this sense, we could live with no support of intra-slot FH, and support only of inter-slot FH.

	LG Electronics
	We are fine with FL’s proposal.

	FL
	The situation is not changed, i.e., a majority of companies support intra-slot FH for Msg3 repetition while there are still several companies have concerns. The main controversial point is whether intra-slot FH could provide additional benefits, e.g., whether it is beneficial in terms of UE multiplexing. 
I would encourage the proponents could provide more insights here, otherwise I don’t think further email discussion would be helpful. 

	Huawei, HiSilicon
	We share similar view as Nokia, if it is not based on configuration but some dynamic indication to differentiate the hopping mode, then we could live with no support. Therefore, we still suggest to replace “enabled” with “configured” in the first subbullet.
Regarding the second bullet, thanks for the confirmation, then we suggest to make it clearer, as
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 multi-slot transmission of Msg3 PUSCH repetitions.

	FL
	Further discuss in the second round. 



Issue#7: Indication of the number of repetitions for Msg3 initial transmission
Proposal 7: For indication of the number of repetitions for Msg3 initial transmission, Option 1 is adopted. 
	Company
	Comments

	Samsung 
	Very first of all, could the proponents explain how gNB could determine the repetition number needed for a random access UE dynamically? Does it based on PRACH reception power or TA value?
If this is the PRACH reception power, it is quite doubtful that such method is useful, because the PRACH power control /power ramping mechanism is designed for PRACH transmitted with “enough” power, meaning it is usually starting with a relatively low power than ramp up step by step to reach the detection threshold. So it’s very unlikely that the power level above the detection threshold very be quite different, or so different to allow gNB can dynamically decide the repetition number. No need to say that if collision happened, the detected power level of a preamble is not even accurate to determine a UE.
If this is the TA value (in translation to RTT and distance to gNB), which is even more non-trustable to use. Because distance doesn’t linearly reflect the channel condition and then also whether LOS/NLOS will matter. And we actually did not use TA value as a criteria before to decide the coverage level. The channel measurement (e.g., DL RSRP) is more frequently used in legacy LTE or NR.   
Or any other criteria?
FL: Please find the vivo’s second input below. 

	Nokia/NSB
	Would it be possible to be more specific about Option 1? Having self-explainable proposals gives all companies the possibility to propose modifications.
We suggest adding that approaches based on MAC PDU could also be considered. We do not see the reason to restrict focus on UL grant only, especially if this comes at the cost of lower flexibility and optimization capability at gNB side when providing UL grants. This would indeed be counterintuitive, given that the goal is to provide additional tools to gNB and not reducing the “power” of existing ones. 
FL: My understanding that approaches based on MAC PDU have already out of scope based on the agreements in the last meeting. Anyway, I would ask companies to feed back their understanding on this. 

	Apple
	Support the intention and also suggest to bring option1 in the text (how number of repetitions is determined by gNB is a valid but separate point of this discussion)

	Sharp
	To Samsung, in Option 1-1 or Option 1-2 where only UE capability is reported by UE, the number of repetitions needs to be indicated by gNB. Don’t you support Option 1-2?
To Nokia, MAC PDU based approach would be an option. On the other hand, we may need to see functional commonality between msg3 initial and retransmission. In msg3 retransmission, there is no MAC PDU.

	Intel
	We are fine with the proposal. 

	vivo
	Support this proposal. 
Besides, the UL grant format in RAR does not need to be changed compared with that for legacy UEs, and additional TDRA table for MSG3 repetition can be configured.

	OPPO
	Fine with this proposal. TDRA based method can be considered. 

	Ericsson
	One question for clarification is:
For option 1, the indication in “UL grant scheduling Msg3” means implicit indication from TDRA field with repetition factors included in a TDRA list and the explicit repetition flag indication in RAR to indicate whether repetition factor should be applied, right?
FL: As summarized in Section 2, there are multiple ways proposed by companies. You mentioned method is one of them. 
It would be better to describe the details in the proposal directly if possible.

	CMCC
	Fine with the proposal

	CATT
	Fine with the proposal.

	InterDigital
	We support the FL’s proposal.

	Panasonic
	We are fine with the proposal. We agree with Nokia that it would be better to be more specific about Option 1.

	China Telecom
	Fine with the proposal.

	LG Electronics
	We have same view with Samsung. 
For dynamic indication of number of RACH repetition, it should be required that gNB can determine the required number of repetition for each UE. It is hard that gNB determine using received RACH preamble. In that sense, we think that dynamic indication in RAR (i.e., option 1) is redundant. 
FL: Please find the vivo’s second input below. 

	Xiaomi
	Fine with the proposal.

	Lenovo, Motorola Mobility
	We are fine with the proposal.

	Samsung2
	We have not yet received the answers to our questions and we hope to get better understanding on how it works.
To Sharp, thx for pointing that out, it seems the mis-information collected by FL, we have removed our support for now. Last meeting, it was our compromise to put support for option 1-2, and in this meeting, we have proposed new options to solve the concerns.

	Nokia/NSB
	@Sharp: From our perspective, the need to see functional commonality between msg3 initial and retransmission is unclear. There is currently no commonality between the two signalling at present, and we think this should be kept as such. Indeed, DCI 0_0 schedules a PUSCH transmission, and UE knows which payload is to be sent over PUSCH during RACH, due to the way RAN2 procedure is designed. We are concerned about mixing RAN1 and RAN2 concepts. This seems to be a problem in several discussions of this AI, and it is not preferred.

	Huawei, HiSilicon
	Support the proposal. 

	ZTE
	Support the proposal. 

	Vivo2
	We provide the comments for issue#1, which is also related to this topic, hence also copied here.
Regarding how does NW determine the number of repetitions for MSG3, as raised by Samsung. We agree that it may be difficult for NW to determine the number of repetitions if option 1-1, option 1-2 and option 2-2 is adopted, as the analysis provided by Samsung and our comments for issue#1. While if option 2-1 is adopted, it is feasible for NW to determine the number of repetitions based on NW measurement. 
The power control mechanism for PRACH, requires UE to fulfil a certain target receive power level at gNB, and UE need to compensate the pathloss, i.e., to increase the transmission power, to achieve the target receive power. For poor coverage Rel-17 UEs, the RSRP measured at UE is low, for example if the RSRP is lower than certain threshold, and UE can not meet the above requirement even if the maximum transmission power is used. In such cases, NW can expect that UE has already use the max power for PRACH transmission, NW can compare the PRACH receive power with the target receive power, and determine the number of repetitions for MSG3. 
To avoid the ambiguity on UL measurement cause by in-sufficient power ramping of PRACH transmission from good coverage UEs, separate preambles should be selected for good coverage and poor coverage UEs, a RSRP threshold is required, only when the SS-RSRP (pathloss) is below the threshold, UE can select the preambles to trigger MSG3 repetition. 
Hence, option 2-1 can facilitate NW to determine and dynamic indicate number of repetitions for MSG3. That is also the reason we prefer option 2-1, for other options, we agree with Samsung that it is difficult for NW to determine the number of repetitions, due to non-separated PRACH resources and power ramping mechanism.



First update
The proposal is updated below for now as commented by companies. 
Proposal 7-v1: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted. 

Nokia proposed to add approaches based on MAC PDU. Companies are encouraged to provide you views on whether it is out of scope based on the agreements in the last meeting. As the discussion is also related to Issue 1, FL suggests to further collect companies’ view below while we may not make a decision until Issue 1 gets converged. 

	Company
	Comments

	Qualcomm
	We are fine with the proposal (i.e., using UL grant scheduling Msg3). We think adding approaches based on MAC PDU is not needed and is not compatible with the last agreement. 

	Nokia/NSB
	This is just to clarify that our proposal stems from the acknowledgement that one important goal we have agreed on is to ensure backward compatibility of the solution RAN1 will specify for this indication and to keep UL grant as is (in terms of content, not on the interpretation of the fields, which may change). Concerning the latter aspect, our understanding is that reusing/repurposing existing fields in the UL grant can only be done at the cost of a reduction of flexibility and “configuration power” for gNB.
In this context, keeping the door open to solutions based on MAC PDU, or at least MAC RAR, may give RAN1 the possibility to consider solutions which do not alter flexibility of UL grants. This is important to make the best out of the UL resource and the ensure maximum “configuration power” at gNB. We understood this is a very important aspect for many companies, thus it seems only natural to consider possible solutions which can achieve this goal.
We also think we are still at the second meeting of the release. Agreeing on Msg2-based solution may suffice in this sense. Details could be worked out later, but at least this would give companies the time and possibility to identify the best course of action. Let’s not forget we are being very cautious with all other aspects related to this discussion (and rightfully so), thus this is not an incoherent proposal.

	vivo
	Agree with Qualcomm.

	Sharp
	We don’t think reinterpretation of some of the fields in RAR UL grant causes less scheduling flexibility in gNB. As discussed in Issue#1, at least whether msg3 repetition capable/request is reported by the UE, reinterpretation can be triggered based on the report. No scheduling inflexibility occurs.

	ETRI
	We support the proposal. We think the MAC PDU approach may not be one of listed options in the previous agreement, but it is good to clarify whether UL grant includes MAC RAR as well.

	Intel
	We are fine with the proposal.

	Samsung 
	@FL@vivo, pls also see our replies to vivo in issue#1, which seems not yet solve our question. Thank you.
So sorry that we are not ready to support this proposal.
FL: I hope vivo’s further reply could solve your question. 
In addition, from FL perspective, having the same target receiving power and power ramping mechanism doesn’t mean the actual received power would be almost the same. For a cell center UE, even without power ramping, the received power at gNB could be very large. If this UE moves to cell edge, even with the maximum transmission power, the received power at gNB could be small, which requires repetition. So, the number of repetitions could be dynamically determined by gNB by the SS-RSRP threshold together with the detection of PRACH, or potentially with other information gNB has (e.g., TA, or DL/UL signal measurement if the UE is in RRC connected mode). Most importantly, why we have to limit to SIB1 only indication? It clearly has drawbacks to make all CE UEs use the same number of repetitions, which would cause either coverage insufficient or resource inefficient. 

	China Telecom
	Support. We share similar view as Qualcomm.

	Ericsson
	We’re generally fine with the proposal.
However, considering that there could be misunderstanding that we’re only going to explicitly indicating all the signalings in the UL grant, we proposed to include the note below.
Proposal 7-v1: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· Note that using UL grant can be implicitly indicating a repetition factor in a TDRA table by the existing TDRA field in the UL grant.
FL: I suggest to further discuss the note once we agreed on Option1. 

	CATT
	We have some sympathies with Nokia. We think it is better to keep the door open considering the early stage of the WI and the possible benefits for the other solutions not on the table yet.
FL: This has been discussing from SI phase actually, and the issue is that MAC PDU/MAC RAR is not compatible with our previous agreements as companies commented.

	Xiaomi
	Agree with Qualcomm.

	WILUS
	We support the FL’s proposal. Regarding the MAC PDU, it should not be considered as Option 1 since we made agreements in RAN1#104-e as “Option1: UL grant scheduling Msg3”

	Nokia/NSB 2
	If MAC PDU is too broad to be considered, we could at least consider MAC RAR, which is anyway signalling associated on one RAPID only, thus just what carries the UL grant. Functionally speaking we see no drawback, while we see possible benefits as also mentioned by CATT.
@Sharp: If UL grants fields are reinterpreted/repurposed, flexibility is reduced by default due to the fact that gNB would not be able to configure UL grant freely, but also taking into account the “new meaning” of the reinterpreted fields. For instance, imagine using the TDRA indicator and associate a certain repetition number to some rows of the table. Wouldn’t this imply that a certain number of repetitions can only be configured if a specific PUSCH allocation is also configured (e.g, SLIV)? Same logic applies to MCS and TPC fields. In this sense we do not think your statement is accurate. Could you please elaborate on your answer a bit more, maybe with a counterexample?
FL: The issue is that MAC PDU/MAC RAR is not compatible with our previous agreements as companies commented. In addition, companies may argue that, for coverage limited scenario, the most typical scheduling is 14-OS per slot. The scheduling flexibility would not be impacted if using TDRA bit field for indication. Needless to say, there is one reserved bit in UL grant for now. 

	InterDigital
	We are ok with the FL’s proposal.

	LG Electronics
	We don’t see the benefit of the indication of multi-level of number of repetition for msg3 PUSCH initial transmission.
If one value among only two candidate values (i.e., 1 and N which is configured in SIB1) is indicated in UL grant scheduling msg3 in RAR, we are fine with FL’s proposal. 
· ‘1’ means that msg3 PUSCH repetition is not applied. 
· ‘N’ means that msg3 PUSCH repetition is applied. 
In this sense, we suggest to add one sentence as below:
Proposal 7-v1: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted. 
· One value among two candidate values (i.e., 1 and N which is configured in SIB1) is indicated.
FL: Please find FL’s reply to Samsung, and also the discussion between Samsung and vivo in Issue#1. Thanks. 
In addition, the number of candidate values for repetition can be further discussed under Issue#9.  

	Lenovo, Motorola Mobility
	We share same concern with Nokia on the scheduling flexibility of UL grant when indicating Msg3 repetition. We are open to solutions based on e.g., MAC RAR. It is preferred to take scheduling flexibility into account no matter design UL grant based Msg3 repetition indication, or other solution based. 
FL: The issue is that MAC PDU/MAC RAR is not compatible with our previous agreements as many companies commented.

	FL
	I hope my inline reply above could address the concerns raised. Still, FL proposal is Proposal 7-v1. 
Note that, most likely, we would not have time to discuss the proposal in Tuesday’s GTW. If we cannot conclude by email, we have to further discuss in the second round, which I really don’t want to see. Because, at least from FL perspective, there should not be too much severe technical issues here. 

	Apple
	Support the proposal. Repurposing the fields in RAR grant for a UE in coverage limited does not necessarily limit “configuration power” for gNB, as such scheduling flexibility for such a UE may not be needed (for example 4 bits for MCS)

	Huawei, HiSilicon
	Share similar view as Qualcomm.



Second update
It’s clear that Option 1 gains support from majority. On the other hand, there are 4 companies (Nokia/NSB, ETRI, CATT, Lenovo/Motorola Mobility) propose to leave the door open at least for MAC RAR (not MAC PDU) which contains the UL grant scheduling Msg3 repetition. FL thinks it is fair to add an FFS to further study the necessity of additionally using MAC RAR for repetition indication. 

Proposal 7-v2: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted. 
· FFS the necessity of additionally using MAC RAR for indication. 

Due to the inefficiency of email discussion, I strongly encourage companies to refrain from making any non-substantial comments! Especially for those in FFS points, there is no urgency to argue for keeping/deleting or for minor revisions. These details can be further discussed (if deemed necessary) only if we would have reached a high-level agreement. 
Please provide your comments below only if you have strong concerns! Please do not comment without making any suggestions to move forward! 
	Company
	Comments

	CATT
	We are generally fine with the proposal. For the FFS point, it’s better to change to ‘FFS using MAC RAR for indication’. 

	Nokia/NSB
	Same view as CATT.



The issue is concluded by the following agreements.
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.


Issue#8: Indication of the number of repetitions for Msg3 re-transmission
Proposal 8: For indication of the number of repetitions for Msg3 re-transmission, Option 1 is adopted. 
	Company
	Comments

	Nokia/NSB
	Would it be possible to be more specific about Option 1? Having self-explanatory proposals gives all companies the possibility to propose modifications. 
Concerning the content itself, we think technical need of modifications to DCI should be discussed. Alternatives exist and are less expensive. We also know that increasing number of repetitions above a certain threshold yields diminishing returns. Fine tuning number of repetitions for Msg3 re-transmission may not be needed. 

	Apple
	Support the intention.

	Sharp
	We support FL proposal.

	Intel
	We are fine with the proposal. 

	vivo
	Support this proposal.

	OPPO
	Fine with this proposal.

	Ericsson
	One question for clarification is:
For option 1, the indication in “DCI format 0_0 with CRC scrambled by TC-RNTI” means implicit indication from TDRA field with repetition factors included in a TDRA list and the repetition flag indication in TC-RNTI addressed DCI 0_0 to indicate whether repetition factor should be applied, right?
FL: Similar to repetition indication for initial transmission, there are multiple ways proposed by companies. You mentioned method is one of them. 
It would be better to describe the details in the proposal directly if possible.
It would be good to use unified signalling method for the repetition of both initial and retransmission of Msg3 instead of treating them differently. 

	CMCC
	Fine with the proposal

	CATT
	The necessity of option 1 is questionable. As mentioned by Nokia/NSB, fine tuning number of repetitions for Msg3 re-transmission may not be needed. gNB should try it’s best to guarantee the coverage from the beginning, i.e. the initial transmission. If the initial transmission fails, link adaptation gain and combination gain can be harvested from retransmission. We don’t see the motivation to further adjust number of repetitions.

	InterDigital
	We support the FL’s proposal.

	Panasonic
	We are fine with the proposal. We agree with Nokia that it would be better to be more specific about Option 1.

	China Telecom
	Fine with the proposal.

	LG Electronics
	We are fine with the proposal. 

	Xiaomi
	Fine with the proposal.

	Lenovo, Motorola Mobility
	We are fine with the proposal.

	Spreadtrum
	We share the similar view with Nokia that fine tuning number of repetitions for Msg3 re-transmission may not be needed, so we slightly prefer Opt.2

	Nokia/NSB
	@Ericsson: could you please clarify why it would be good to use unified signalling method for both initial and retransmission of Msg3 instead of treating them differently> The whole signalling framework for Msg3 is already significantly different when it comes to initial transmission and possible re-transmission. Two different channels are used, and two different logics apply already. To be even more specific, DCI 0_0 schedules a PUSCH transmission, and UE knows which payload is to be sent over PUSCH during RACH, due to the way RAN2 procedure is designed. It has nothing to do with commonalities or unified signalling. We are concerned about mixing RAN1 and RAN2 concepts. This seems to be a problem in several discussions of this AI, and it is not preferred
From our perspective, the opposite of your statement is more desirable, and compatible with current signalling logics. In this regard:
1) It is unclear why the same fine-tuning options should be present for initial and re-transmission, when we know that HARQ can already outperform repetitions in general. In other words, why would it be so obvious that retransmitting PUSCH with an arbitrary larger number of repetitions is necessary? This is really not trivial and deserves further study.
2) Msg2 is a message which carries a specifically design UL grant for Msg3, DCI 0_0 is a format used for generic PUSCH scheduling. Why would we want to add new bits/flags/indicators specifically for Msg3 therein? This seems an unnecessary overkill.

	Huawei, HiSilicon
	Support the proposal. 

	ZTE
	Support the proposal.


First update
The proposal is updated below for now as commented by companies. 
Proposal 8-v1: 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. 

As the discussion is also related to Issue 1, FL suggests to further collect companies’ view below while we may not make a decision until Issue 1 gets converged. 

	Company
	Comments

	Qualcomm
	We are fine with the proposal.

	Nokia/NSB
	We do not support the proposal. It is unclear why the same fine-tuning options should be present for initial and re-transmission, when we know that HARQ can already outperform repetitions in general. In other words, why would it be so obvious that retransmitting PUSCH with an arbitrary larger number of repetitions is necessary? This is really not trivial and deserves further study. Some additional observations:
· It is also noting that we are debating about early termination of msg3 in Issue #2. Isn’t this already quite a good indicator than more than one company fears that too many repetitions could already be configured for initial Msg3 transmissions?
· The SI did not highlight severe coverage shortage for Msg3. It was considered a low priority channel/signal back then. Why does RAN1 now think that large number of repetitions, and fine tuning for re-transmissions, is needed, without even studying the practical relevance of the use case? 
· Why should RAN1 agree on the solution which arguably has the largest specification impact, including possible issues related to maintaining backward compatibility, when the need for the use case is not so clear? Shouldn’t the situation suggest a more prudent approach, given that alternatives with almost no spec impact exist, e.g., rules and/or static configurations via SIB1 and so on?  
FL: FL understanding is, there could be at least the following reasons to support different number of repetitions for initial and re-transmission of Msg3. 
1) The channel condition between Msg3 initial and re-transmission could be changed, especially in TDD scenario. 
2) As you noted, HARQ can outperform repetition. Then, it is possible that gNB first schedules a Msg3 repetition with a smaller number of repetition or even without repetition. While, if initial transmission fails, gNB can choose to indicate a larger number of repetitions for retransmission. This could be more system efficient in general.
3) gNB can even schedule a re-transmission with a smaller number of repetitions, since gNB can obtain additional combing gain by joint decoding of initial and re-transmission. 
In addition, there are lots of companies prefer to use a unified solution to for repetition indication of initial and re-transmission. In that case, the spec efforts would be limited. Even different solution is defined, e.g., using the reserved bits in DCI 0_0 with CRC scrambled by TC-RNTI. The additional specification effort is minor. 

	vivo
	Support this proposal

	Sharp
	Even when the gNB wants to schedule N repetitions for a UE, the gNB may decide to schedule M (<N) repetitions for initial transmission due to scheduling decision (e.g., resource availability). In that case, the gNB will allocate N-M repetitions for retransmission. In that sense, dynamic signalling of the number of repetitions is required.

	ETRI
	We support the proposal.

	Intel
	We are fine with the proposal. Our view is fine tunning of the number of repetitions is beneficial for Msg3 retransmission. 

	China Telecom
	Support.

	Ericsson
	We’re generally fine with the proposal.
However, considering that there could be misunderstanding that we’re only going to explicitly indicating all the signalings in the UL grant, we proposed to include the note below.
Proposal 8-v1: 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. 
· Note that using UL grant can be implicitly indicating a repetition factor in a TDRA table by the existing TDRA field in the DCI format 0_0 with CRC scrambled by TC-RNTI.
FL: FL suggests to first agree on the proposal, and then discuss the further details. 

	CATT
	We don’t support the proposal. We agree with the assessment from Nokia. The motivation of tuning the number of repetition for re-transmission is unclear. 
FL: Please find my reply to Nokia. 

	NTT DOCOMO
	Support the proposal

	Xiaomi
	We are fine with the proposal.

	WILUS
	We support the FL’s proposal.

	InterDigital
	We are ok with the FL’s proposal.

	LG Electronics
	We are fine with the FL’s proposal.

	FL
	I hope my inline reply above could address the concerns raised. Still, FL proposal is Proposal 8-v1. 
Note that, most likely, we would not have time to discuss the proposal in Tuesday’s GTW. If we cannot conclude by email, we have to further discuss in the second round, which I really don’t want to see. Because, at least from FL perspective, there should not be too much severe technical issues here. 

	Huawei, HiSilicon
	Fine with the proposal.



Second update
It’s clear that Option 1 gains support from majority. Only 2 companies (Nokia/NSB, CATT) argue that it’s unclear to re-tune the number of repetition for re-transmission. From FL perspective, the motivation includes at least the following: 
· The channel condition between Msg3 initial and re-transmission could be changed, especially in TDD scenario. 
· It is possible that gNB first schedules a Msg3 repetition with a smaller number of repetitions or even without repetition. While, if initial transmission fails, gNB can choose to indicate a larger number of repetitions for retransmission. This could be more system efficient in general.
· gNB can even schedule a re-transmission with a smaller number of repetitions, sine gNB can obtain additional combing gain by joint decoding of initial and re-transmission. 

Given above situation, any further discussion may not make any difference in terms of the final results. Therefore, FL suggests to keep the original Proposal 8-v1. 

Proposal 8-v1: 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. 

Please provide your comments below only if you have strong concerns! Please do not comment without making any suggestions to move forward! 
	Company
	Comments

	CATT
	Regarding to the three motivations raised by FL, we have different views:
1. We don’t think a gNB know the channel condition change between the initial transmission and re-transmission. There is no SRS transmission and no QCI feedback. Could proponent elaborate how a gNB identify the change of channel condition?
2. For the second point, it seems gNB should rely on the retransmission instead of the initial transmission. If a gNB identify a Msg3 PUSCH transmission needs to be enhanced, it should try its best at the first place. We think this is the common logic everywhere. Otherwise, the latency would be larger. Furthermore, the criteria for determining the repetition number is unclear.
3. For the third point, we don’t understand the point. For normal PUSCH transmission configured with repetition which is scheduled by fallback DCI, the retransmission will follow the same repetition number as the initial transmission. Why it becomes an issue for Msg3 PUSCH re-transmission? The Msg3 re-transmission is also scheduled by a fallback DCI.

	Nokia/NSB
	We share the same doubts as CATT. While we see the relevance of having dynamic indication of number of Msg3 repetitions for the initial transmission, the technical need of having such large flexibility for the re-transmission is still unclear to us. Proponents have not yet shown any evidence that such need exists. We think that simulations would be needed to demonstrate that such need is real.
Let us consider the situation. During the SI, the MIL difference between Msg1 and Msg3 according to simulations was in the order of few dBs (around 1 to 5 dBs) in favour of Msg1 for FR1 and around 1 to 3 dBs in favour of Msg3 for FR2. These numbers were varying across scenarios, but can be verified by looking at the TR if needed.
Now, according Alt 2 of proposal 1, gNB would receive Msg3 request via Msg1. Let us consider the two cases:
· FR1: If msg1 with request is received, gNB would need to make sure that Msg3 is configured with enough repetitions to be at least as good as Msg1 in terms of MIL.
· FR: If msg1 with request is received, gNb maybe does not even need to worry about Msg3 which has been shown to be at least as good as Msg1 in this scenario during the SI.
Accordingly, not only it would seem that a large number of repetitions for Msg3 may not be needed (its MIL is much better than RRC_connected PUSCH), but also it would seem that after detecting Msg1, gNB may have very few possibilities to mis-configure the number of repetitions for Msg3. In this case, even in the worst case of poor performance of the first transmission with repetition, a simple re-transmission with the same number of repetitions may work (either way gNB does soft combining in reception so…). 
As we said earlier, the technical need of more configuration flexibility is very unclear. We think it’s only fair to ask proponents to show the technical needs with some numbers/simulations. This does not seem an unreasonable request. Everything we have seen so far from the SI does not seem to justify this configuration effort.



The issue is concluded by the following agreements.
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. 

[Close] Issue#9: Candidate values for Msg3 initial/re-transmission repetitions 
Proposal 9: Support at least {1, 2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition. 
·  FFS other values. 
	Company
	Comments

	Apple
	Support

	Sharp
	It depends on whether counting on the basis of available slots is supported or not.
FL: To address the concern, the proposal is updated to clarify that the additional values may depend on whether counting on the basis of available slots is supported or not. 

	Intel
	We suggest to defer the discussion. The exact value can be decided at a later stage of WI. We share similar view as Sharp that it also depends on whether Msg3 PUSCH repetition is based on the available UL slot. 
FL: To address the concern, the proposal is updated to clarify that the additional values may depend on whether counting on the basis of available slots is supported or not. 

	OPPO
	Fine with this proposal.

	Ericsson
	Seems fine.

	CMCC
	Fine with the proposal.
Our preference is to count on the basis of available slots.

	Panasonic
	We share the same view with Sharp and Intel. The exact value should be discussed after concluding the details of repetition scheme.
FL: To address the concern, the proposal is updated to clarify that the additional values may depend on whether counting on the basis of available slots is supported or not. 

	China Telecom
	Fine with the proposal.

	Xiaomi
	The discussion can be postponed until the exact candidate values of PUSCH type A repetition enhancement in CE WI is determined.
FL: To address the concern, the proposal is updated to clarify that the additional values may depend on whether counting on the basis of available slots is supported or not. 

	Samsung 
	To clarify, whether this value is used for dynamic indication by RAR of repetition number or also can used by cell specific indication by SIB1? I assume both can use this value range, right?
FL: Yes. 

	Nokia/NSB
	We think that the presence of {1} in the list of values may depend on how trigger and configuration indicators of msg3 are designed. Can we remove it for now? The presence of “at least” allows for other values to be proposed at a later stage of the release anyway, hence {1} (or other values) could be added eventually. 
FL: Ok with the suggestion. 
We also have the same question asked by Samsung.
Finally, we think we could also add an FFS to address the concern expressed by Intel, Shap and Panasonic. 

	Huawei, HiSilicon
	Support the proposal. 

	ZTE
	We prefer to at least support the values specified for repetition type A PUSCH in Rel-16. But we are are fine with current proposal. 



First update
Proposal 9-v1: Support at least {1, 2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition. 
·  FFS other values, which may depend on whether counting on the basis of available slots is supported or not.

Please provide your comment below only if you have strong concerns!
	Company
	Comments

	Qualcomm
	We prefer to defer this discussion. There is discussion on increasing the max number of PUSCH type A repetitions. We should wait until there is consensus on such discussion. Note that Msg3 repetition is intended for Redcap as well and other uses e.g., NTN. Hence, having a large number of repetitions may be needed

	vivo
	Since repetition factor ‘1’ is removed, we would like to clarify that, does it mean that when UE request for MSG3 repetition, NW has to schedule at least two repetitions for MSG3, and no flexibility to schedule MSG3 without repetition?

	Sharp
	We have similar concern as Vivo. Repetition factor 1 shouldn’t be removed.
On top of that, we prefer to defer this discussion. Whether counting on the basis of the slots are supported or not should be discussed.

	Intel
	As commented previously, we suggest to defer the discussion for this proposal. The exact values can be decided as later stage of the WI. 

	CMCC
	Share a similar view that the repetition factor 1 should not be removed, as the gNB should determine how many repetitions or no repetition are allocated to the UE. Repetition factor 1 which means no repetition should be included.

	Samsung 
	Agree QC, this can wait.

	China Telecom
	Share the same view that the repetition factor 1 should not be removed.

	Ericsson
	We’re fine to remove and FFS value ‘1’ at this stage. 
However, we do not see the need to discuss how the repetition is counted, it’s clearly stated in the objective from the WID that it’s a Type-A PUSCH repetition for Msg3. 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

Counting repetitions based on available slot for msg3 repetition is not in the scope according to above. Thus, we propose:
Proposal 9-v1: Support at least {1, 2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition. 
·  FFS other values, which may depend on whether counting on the basis of available slots is supported or not.

	CATT
	Our opinion is also to keep the value 1 no matter which triggering mechanism is adopted in the end.

	NEC
	Fine with the repetition number and detailed RRC IE design should be up to RAN2.

	Xiaomi
	We share the same view as Vivo. Value 1 shouldn’t be removed. 
In addition, larger values should to be introduced in the further meeting to achieve msg.3 coverage enhancement in FR2.

	Nokia/NSB 2
	Value 1 implies that no repetition is configured, i.e., legacy behaviour. However, given that the feature is not stable yet, how can we be sure that the value 1 is needed as a configuration option? It does not seem reasonable. On the other hand, it would also not be reasonable if we precluded this from happening, and that’s why we are in favour of the FFS point, which also opens the discussion to other values different from 1, if any.
For this reason, we think that the FFS on other values should ensure all companies who prefer having “1” in the list that further discussion will be carried out depending on the final design of the feature. Removing “1” for the time being, on the other hand, is describing the current status of the discussion more precisely.

	LG Electronics
	It is too early to decide the exact values of repetition in this meeting. It is preferred to defer this discussion after the discussion of the number of repetition for normal PUSCH repetition. 

	Lenovo, Motorola Mobility
	We think repetition factor 1 shall not be removed. The gNB can schedule Msg3 w/o repetition even repetition is request by UE. 

	FL
	Let’s hold on the discussion for this issue for now. We can first focus on other more important issues as discussed above. 




4. Discussion (2nd round)
Issue#1: Differentiation and triggering mechanisms for Msg3 repetition

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.

Regarding the FFS on UE capability, FL feels its importance to further discuss this aspect. Based on the discussion in the last GTW session, it was mentioned two different cases, i.e., CBRA case and CFRA case. FL observes that it could be beneficial for both cases as analyzed below. 
If a UE requests Msg3 repetition, it implicitly means the UE reports its capability. But the gNB would not know how many of UEs in the cell is capable of Msg3 repetition. Because, only those Msg3 capable UEs in poor coverage will make a request. But, allowing UE report its capability of Msg3 repetition after initial access could let gNB know this information (i.e., how many of UEs in the cell is capable of Msg3 repetition). Given UEs may move in the cell, which makes the number of UEs need for CE may vary, this information would be helpful to NW for better adjustment of the PRACH resource configuration. In this sense, reporting the capability after initial access is beneficial in general including CBRA case, though the UE has to always use separate PRACH configuration for CBRA if CE for Msg3 is needed. 
For CFRA case, it allows gNB can configure less separate PRACH resources for CE UEs. Because, in CFRA case, even if UE uses legacy PRACH resource for transmission, gNB can still schedule Msg3 with or without repetition based on gNB's measurement, since gNB would know whether the UE has the capability or not, thanks to the capability reporting after initial access. 
In addition, reporting UE capability for a feature to NW is a natural practice as usual. 
Based on above, FL suggests to collect companies’ views about the following proposal.  
Proposal 1: The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual 

Please provide detailed reasoning about your preference. 
	Company
	Comments

	Sharp
	We are generally supportive of FL proposal. At least for handover to a cell or for PSCell addition in case of EN-DC where the target cell is configured only with PRACH resource corresponding to msg3 repetition, capability reporting should be required. Although we are fine to discuss it here, would it be more appropriate to be discussed in UE feature session?
FL: My feeling is the capability reporting may also be related to other aspects. For instance, if the proposal is agreed, do we allow gNB schedule Msg3 repetition for a UE using legacy PRACH resources for CFRA if gNB already knows the UE has the capability for Msg3 repetition. 

	Vivo
	Support this proposal.
Capability signalling on whether UE support MSG3 repetition, reusing existing capability reporting framework, may facilitate NW to determine whether to enable this feature and determine how many PRACH preambles should be reserved for this feature.
However, we have some different views on CFRA use case as provided by FL. For CFRA, the PRACH preamble is separated from CBRA preambles including those preambles to request MSG3 repetition. The UL grant in CFRA-RAR is used to schedule a normal PUSCH rather than MSG3. If PUSCH repetition is schedule by UL grant in CFRA-RAR, does it mean separate CFRA preambles need to be introduced in addition to the legacy CFRA preambles?
FL: My current thinking is it may no need to introduce separate CFRA preambles. Because, if the proposal is agreed, gNB would already know whether a UE has capability of Msg3 repetition when the UE triggers CFRA procedure in RRC connected mode. So, it allows gNB to schedule Msg3 repetition even if legacy PRACH preamble is used. Anyway, we can further discuss whether to consider CFRA as a separate discussion. 
As we agreed in RAN1#102e
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

Hence, although we support this proposal, we would like to clarify that CFRA is not an appropriate use case.
FL: It is clear that we will not do any optimization specific for CFRA case, while it doesn’t mean we will not consider Msg3 repetition for CFRA. Please note that, in most places of the current spec, it uses a PUSCH scheduled by RAR UL grant, which includes both Msg3 initial transmission and CFRA PUSCH. That is, there is no differentiation for PHY layer handling of Msg3 PUSCH and CFRA PUSCH in most typical cases. That’s the reason we agree to support Msg3 repetition for CFRA while will not consider any additional optimization in SI. Otherwise, it will have more specification impacts with unnecessary limitations. 

	Xiaomi
	Support this proposal. As provided by FL, gNB can reasonably configure separated PRACH resources based on UE capability. 
Besides, for CFRA in RRC_CONNECTED state, even if the coverage enhanced UE choose PRACH resources in the PRACH resource set configured to both legacy UEs and coverage enhanced UEs without repetition request, gNB can still schedule msg.3 with repetitions based on SRS measurement and UE capability.  

	CMCC
	Support the proposal. As gNB should have the knowledge that the UE could support Msg 3 repetition, then when needed, the gNB could scheduled the CE UE with this feature. But without the capability reporting after the initial access, the gNB would never know the UE whether support this feature.

	Intel
	We are fine with the proposal. But we suggest to change the wording as follows:
 Proposal 1: The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual according to existing mechanism for UE capability report.
FL: It becomes clearer. Will update accordingly. 
We also share similar view as Vivo that this is not related to CFRA use case. This is only applied for CBRA use case. 
FL: Please find my reply to vivo above. 

	Qualcomm
	We think it should be clarified that for UEs who have requested Msg3 PUSCH repetition, the repetition capability is already implicitly indicated. Therefore, we suggest the following modified version:
Proposal 1: The UE capability of supporting Msg3 PUSCH repetition, for UEs that do not request Msg3 repetition, can be reported after initial access procedure. Msg3 repetition capability for the UEs that request Msg3 repetition is implicitly included in the request. 
FL: As commented by Nokia below, capability reporting by PRACH request is not sufficient if the RACH procedure is not successfully completed. On the other hand, UE capability reporting for Msg3 repetition after initial access may not be needed if the UE requests Msg3 repetition and the corresponding RACH procedure is successfully completed. So, FL suggests to add ‘at least’ for the first part of change. 
As for the second sentence, FL thinks it is a bit redundant on top of the first sentence and what we have been agreed. 

	Apple
	We don’t support this proposal. It is not well justified why NW benefits to know number of UEs supporting repetitions even those who don’t need repetitions. Yes, a CC UE may become a “poor” UE later on, but with the same logic a CE UE can later become a CC UE wo need to repetitions.. 
FL: Firstly, allowing NW know the number of UEs supporting Msg3 repetition means gNB can know the maximum number of separate PRACH resources needed. In addition, NW generally has the knowledge of channel variation of a UE (e.g., moving) by various means (e.g., mobility management). Therefore, knowing the number of UEs needed Msg3 repetition (by request) and the number of UEs supporting Msg3 repetition (by this proposal) would certainly help NW find a more appropriate PRACH configuration based on it’s monitoring. Moreover, it seems no harm to UE, right? 
You may also get the answer as explained by Nokia below. 

	CATT
	We agree with FL’s analyses. But do we really need an agreements saying a UE capability can be reported? It will be handled in UE capability session anyway. We would like to hear more views from companies. 
FL: Thanks, please find my reply to Sharp. 

	China Telecom
	We support this proposal. Just as FL’s analysis, whether an enhanced UE request Msg.3 PUSCH repetition depends on the channel condition. Thus, the network in fact doesn’t know whether a UE is an enhanced UE if it doesn’t request Msg3 PUSCH repetition. We think the reporting of this UE capability is necessary, which facilitates PRACH resources configuration for the network.

	Spreadtrum
	We are fine with the proposal.
We agree with the FL’s analyses, in CFRA case, gNB can schedule Msg3 with or without repetition based on gNB's measurement, and the gNB would know whether the UE has the capability or not.

	Samsung 
	It seems for UE who is capable of doing msg3 repetition, the only mattered thing is that whether it is provided a way to do it when it is necessary. If it is only for msg3 repetition, we would like to say, such capability reporting seems not needed, as everytime UE to do RACH, the RSRP threshold is applied, gNB will know whether such UE needs to do msg3 repetition by RACH resources.
FL: Please find my reply to Apple. 
Besides, one question is such msg3 repetition capability is one item among the coverage enhancement (thus we can use single bit indication to gNB whether a UE supports whole necessary feature for CE), or each feature item will need individual indication? 
FL: The discussion of detailed report signaling could be carried out later if we can agree this proposal. 

	Ericsson
	First of all, as is already pointed out by Vivo and agreed by some other companies, Msg3 is only used in CBRA, and CFRA resources will not be affected by Msg3 repetition feature.
In CBRA, gNB is not aware of the UE based on the detection of a preamble, meaning that gNB can not use the dedicated msg3 capability report to schedule the repetitions accordingly.
FL: Please find my reply to vivo. 
Regarding the potential benefit from dedicated Msg3 repetition capability report from all UEs in the cell, it’s not clear that how much it will be for the PRACH configuration. Further discussions in both RAN1 and RAN2 are needed.
According to above, we propose to further discuss this UE capability in a later stage.
FL: Please find my reply to Apple. 

	Nokia/NSB
	Support the proposal. This is fundamental element to have in the design, due to the agreement we had on how gNB differentiates among UEs.
From our perspective, advantages of this reporting are obvious, without the need to include CFRA in the discussion to justify the proposal. CBRA is sufficient. We cannot think of any disadvantage in having UE reporting the capability as usual. It is actually the converse. We think it is fundamental for the UE to report the capability to give gNB the possibility of optimizing the configuration of PRACH resources in the cell, considering all possible applications gNB may need to configure in the cell and that could use PRACH, e.g., 4step/2step CBRA, SDT, RedCap identification and so on.
On top of this, capability reporting is usual business and adds no complexity on UE’s operations.
@Apple: We do not understand your argument. Whether a CE UE gets back to regular coverage situation or not is completely irrelevant. The point is that PRACH resource is expensive. It is very puzzling for us to see that that was clear during SI to all companies and now everyone does not care about this anymore. If gNB known how many UEs in the cell could potentially be requesting Msg3 at the same time then a good RACH configuration could be broadcast and PRACH resources can be optimized. It is really irresponsible of RAN1 to specify something, ignoring that so many other features will need to use PRACH resources. Again we would like to understand what the UE would have to “lose” from the capability reporting (which can be anything, of course, we are not discussing capabilities here…this will be done elsewhere, and I is clearly not the point!).
@Ericsson: You wrote “Regarding the potential benefit from dedicated Msg3 repetition capability report from all UEs in the cell, it’s not clear that how much it will be for the PRACH configuration. Further discussions in both RAN1 and RAN2 are needed.”. May we know how you would imagine this “further discussion” to be carried out? Are we planning new simulation campaigns to test the impact as we did during the SI. We do not think this is the intention, right? Then the available information in N months from now will be exactly the same as we have today. The point here is that no one is explaining what the UE could possibly “lose” by reporting the capability. Is there such loss, e.g., complexity, power consumption, anything else? If not, then it is just about gNB and NW, and several examples in this sense have already been made.
@Qualcomm: we think the problem may be a bit more complicated than that. UEs for which msg3 request has been received may not need to report capability if RACH procedure has been completed successfully. The presence of the request by itself does not seem sufficient, since gNB cannot map the request to a C-RNTI without ambiguity.

	FL 
	@ all, please find my reply inline above. 

Based on comments, the proposal is updated as follows. 
Proposal 1-v1: The UE capability of supporting Msg3 PUSCH repetition, at least for UEs that do not request Msg3 repetition, can be reported after initial access procedure as usual according to existing mechanism for UE capability report. 

	OPPO
	Support this proposal. The capability of supporting Msg3 PUSCH repetition can be reported separately through existing mechanism of capability report, even for the UE does not request Msg3 PUSCH repetition during initial access procedure. We share the similar views as other companies, that this is only used in CBRA case.

	
	



First update
Proposal 1-v1: The UE capability of supporting Msg3 PUSCH repetition, at least for UEs that do not request Msg3 repetition, can be reported after initial access procedure as usual according to existing mechanism for UE capability report. 
	Company
	Comments

	NTT DOCOMO
	We are fine with the proposal

	CMCC
	Fine with the proposal.

	Huawei, HiSilicon
	Support.

	Panasonic
	We can live with Proposal 1-v1, but our view is that to have the report conditioned whether Msg.3 PUSCH repetition is requested or not is not reasonable. Therefore, our preference is just following:
The UE capability of supporting Msg3 PUSCH repetition, is reported after initial access procedure according to existing mechanism for UE capability report.

	Sharp
	Panasonic’s concern is understandable. However, we don’t think the proposal states any condition, but indicating a purpose for reporting. For example, we may rephrase as follows.
Proposal 1-v1: The UE capability of supporting Msg3 PUSCH repetition, at least for a purpose of indicating capability information for UEs that do not request Msg3 repetition, can be reported after initial access procedure as usual according to existing mechanism for UE capability report.
Anyway, we support current FL proposal.

	Intel
	We are fine with the proposal. For UE requesting Msg3 PUSCH repetition, gNB already knows the UE capability of supporting Msg3 PUSCH repetition. In this case, the additional capability signalling may not be needed for these UEs.  

	Spreadtrum
	We are fine with the proposal.

	Xiaomi
	Fine with the proposal.

	Ericsson
	First of all, we’re not against this UE capability report which is not a big deal if we just reuse existing UE capability mechanism. 
However in this proposal, with the condition “at least for UEs that do not request Msg3 repetition” , the msg3 repetition capability of UEs with requests not detected by the network will be unknown. The simplest way is to ask all UEs to report this capability instead.
FL: Thanks for not being against this UE capability reporting. The details of conditions could be further discussed as in the updated proposal below. 
On the other hand, we need to understand the benefit of such capability reporting. To respond to @Nokia’s comments to us, our intention was not about a N month simulation campaign. The concern could be e.g. regarding the repetition capability report and the PRACH resource configuration, isn’t it so that gNB configures the PRACH resources based on the actual load of the PRACH instead of the number of UEs supporting msg3 repetition? If this is not a common understanding among companies, it would be better to have this discussed in RAN2 first. Other use cases like CFRA should be discussed in RAN2 as well.
According to above, we’re open to discuss this further with input from RAN2 or this can be discussed in RAN2 first. Note that UE capability will be discussed anyway at a later stage of this work item.
FL: I don’t get point why we need RAN2 input or should be discussed by RAN2 first. More clarification is needed. 

	China Telecom
	We support the proposal. We think the current version best aligns each company’s comment. As for Panasonic’s concerns, we think Qualcomm & Intel already explained the reason. As for Sharp’s revision, we think the description is too complex. Thus, we prefer FL’s current version.

	CATT
	We are supportive to the proposal. But as mentioned by Panasonic and Ericsson, we don’t think the ‘at least…’ wording is necessary. One example would be UE may not request the Msg3 repetition during the initial access but it may need Msg3 repetition during the RRC CONNECTED period. 

	OPPO
	Fine with the proposal.

	Nokia/NSB
	We suggest including the part related to the completion of the RACH procedure as a condition, as per previous discussion. 
Proposal 1-v1: The UE capability of supporting Msg3 PUSCH repetition may be reported after initial access procedure as usual according to existing mechanism for UE capability report, at least for: 
· UEs that do not request Msg3 repetition but support Msg3 repetition
· UEs that request Msg3 repetition and for which RACH procedure is not successfully completed
Note: this applies only to CBRA
FL: Thanks for the suggestion. This could be the starting point for further discussion. But, for the last sub-bullet, it seems not that accurate. Because, we are discussing UEs after initial access, which means the RACH procedure is successfully completed in the end. It may need to add more texts to make it clear, e.g., the UEs successfully complete the RACH procedure without requesting Msg3 repetition. But, at this last moment, I feel we do not have time to discuss such details. So, FL suggests to make the details for FFS. 
@Ericsson: the point is that msg3 repetitions were not possible up to Rel-17. Now we are specifying the support for this and the way gNB configures PRACH resources in this context is a RAN1 problem, not a RAN2 problem. RAN2 can provide support for the new signalling, but how L1 procedures impact NW operations is not a problem RAN2 should be concerned about. This is on RAN1’s table.

	Samsung 
	We can defer this discussion.
If msg3 repetition is just reported as one feature item in whole CE package, it is not much spec impact anyway. But as RAN plenary discussed, 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. And there is no urgency for this issue to be agreed. And the current proposals does sound like there is a condition to report this capability, which is not preferred.
FL: I can understand your concern. While, based on the discussion in RAN plenary, it seems a common understanding to separately discuss CE and Redcap, and to resolve potential incompatibility in later phase. So, it seems ok we could carry out the discuss for CE now. Anyway, an FFS point is added to address your concern. 
Even more, we just question the logic behind this proposal, as FL replied “Therefore, knowing the number of UEs needed Msg3 repetition (by request) and the number of UEs supporting Msg3 repetition (by this proposal) would certainly help NW find a more appropriate PRACH configuration based on it’s monitoring.” We have agreed that UE will request msg3 repetition based rsrp threshold, so “number of UEs needed Msg3 repetition (by request)” could be initial access UE or connected UE and its connection to the number of UEs in this cell who reports they support msg3 repetition is also questionable. For example, in a given moment, there are 10 UEs request msg3 repetition, and by reporting, gNB knows there are 100 UEs are capable of msg3 repetition, then gNB can assume it should assign 10% of the RACH resource for msg3 repetition? If this is case, whether this is a reasonable assumption should be discussed.
FL: In your example, it allows gNB know that the maximum PRACH capacity for Msg3 capable UEs is 100. Together the N legacy UEs in the cell, gNB can have a better PRACH configuration among different kind of UEs.

	FL
	Theoretically, if a UE requests Msg3 repetition and the RACH procedure is successfully completed, NW can know UE’s capability of supporting Msg3 repetition. While, the RACH procedure with Msg3 repetition may also fail, and if UE accesses to the NW without requesting Msg3 repetition later, capability reporting after initial access is needed in such case. So, the question is whether we need to handle such special case differently. Given this is the last day of the meeting, FL suggests to leave the details for FFS.
Proposal 1-v1: The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure according to existing mechanism for UE capability report. 
· FFS details, e.g., whether it applies to all UEs or only UEs that do not request Msg3 repetition, and potential incompatibility with RedCap UEs.




Issue#6: Support of intra-slot frequency hopping for Msg3 PUSCH with repetition 

· Support: Apple, Sharp, Intel, vivo, OPPO, Panasonic, China Telecom, LG Electronics, Xiaomi, Lenovo, Motorola Mobility, Huawei, HiSilicon, ZTE, Qualcomm, ETRI, NTT DOCOMO, LG
· Not support: Samsung, Ericsson, CATT, WILUS 
· Fine either way: Nokia/NSB
· Huawei, HiSilicon: Could live with no support if the FH mode is dynamically indicated. 

I made a minor update for this proposal based on the discussion in the first round. 
Proposal 6-v2: Support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled configure 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. 
· FFS signaling design.

Note that, there is no need to further indicate your position below. Instead, 
· please the proponents could further elaborate the use cases/motivation to support intra-slot FH if inter-slot FH has already been supported, which basically the main concerns from opponents. 
· please opponents find my discussion with Samsung below. Please elaborate why the below UE multiplexing example is not one motivation to support intra-slot FH. 
	Samsung: Besides the difficulties to actually have such “benefits”, as we pictured in our tdoc, if this benefits are so good to have for case (a), I would assume case (b) is also a very attractive benefits to have, so we need to support enable both intra/inter FH. 
[image: ] [image: ]
(b) (b)

FL: In Rel-15/16, both intra-slot and inter-slot FH are supported for PUSCH repetition type A. FL’s understanding is, it expects intra-slot FH has its own use cases. Better UE multiplexing could be one use case as commented by companies. For the two limitations mentioned in your tdoc (also copied below), FL’s understanding is that 7-OS PUSCH scheduling is actually very typical in practice. The time domain resource could be easily aligned. For Msg3 in the frequency domain, the number of RBs is typically about 1~4 RBs in practice, which can also be easily aligned.   
· The time domain resource allocation of three UEs need to be nicely aligned, i.e., the time domain starting positioning, the length of the transmission; 
· The frequency domain resource allocation of three UEs need to be nicely aligned, i.e., the f-domain starting positioning, the number of PRBs allocated; 
As for case (b), I am just wondering why UE2 would not be scheduled in the RBs as case a) shows, since it will cause resource fragmentation. Anyway, I agree that there is a trade-off here. 




	Company
	Comments

	Sharp
	Case (a) as in the above figure is a use case to align hopping pattern as legacy. Why we should support both (a) and (b) is not clear. If both meets one target, one solution with less specification impact should be adopted.

	Intel
	We share similar view as Sharp that Case a) is the use case in our mind for coexistence between legacy UE and enhanced UE for frequency hopping alignment. For Case b), it is a new feature that is not currently supported for PUSCH repetition. If supported, this would lead to certain spec impact.
Further, in our view, it is similar to increasing the number of hops which was discussed in the PUSCH coverage enhancement SI. Several companies had conducted simulation results and showed that the gain is marginal especially considering when the number of Rx antennas is large. The degree of freedom for diversity order is already sufficiently large and further increasing the number of frequency hops does not help much. That was the reason why this solution was not further considered for coverage enhancement WI. 

	CATT
	As we commented in the first round discussion, we have the following concerns on the proposal:
1) The possible indication leads to no benefits on flexibility. Yes there are several methods but the most popular one is indicated via SIB1. The drawbacks are analysed and we don’t want to repeat here. For the other methods, either the frequency hopping needs to be always enabled or we have to use some bits in the UL grant to indicate inter/intra-slot frequency hopping. The first one is not good and lose the benefits of multiplexing as it mandates a UE has to enable frequency hopping. The latter one may be OK but it will have some inter-action with how to indicate repetition number, which we think is more stringent.
FL: It really depends on NW implementation as you also mentioned below. If NW thinks Msg3 repetition with intra-slot FH is sufficient, NW may configure intra-slot FH for all UEs by SIB1, as to make better/easier multiplexing with legacy UEs if all UEs only supports/enables intra-slot FH. As I commented before, this could be one reason that both intra and inter slot FH is supported for regular PUSCH repetition type A. 
2) We doubt the benefits of multiplexing. We are not convinced by FL’s argument to Samsung. There are UEs configured with inter-slot frequency hopping, intra-slot frequency hopping and without frequency hopping. How can intra-slot frequency hopping of Msg3 PUSCH repetition benefit for the diverse PUSCH transmission behaviour? Let’s make a specific example: there are many UEs which don’t enable intra-slot frequency hopping, i.e. no FH or only inter-slot FH, which I think it is typical case. How can intra-slot frequency hopping benefit multiplexing for these UEs?
FL: This is exactly the reason that UE multiplexing is important to NW for better resource efficiency. There are many kinds of UEs in the cell. Supporting intra-slot FH for Msg3 adds another option for NW to implement a potential better multiplexing among UEs. For you specific example, one may argue that these UEs (no FH or only inter-slot FH) can be multiplexed together, and the other UEs (intra-slot FH UEs with or with Msg3 repetition) can be multiplexed together. 
It is totally gNB implementation issue. The inter-slot frequency hopping, intra-slot frequency hopping and no frequency hopping already exist in the current system and the system works well. We don’t understand why it suddenly becomes a problem for Msg3 PUSCH.
FL: FL understands your concern, and that’s the reason I triggered this further round of discussion aiming for clarifying the motivation further. As you can find, majority companies see the benefits and arguing that there is no reason to restrict NW to not use intra-slot FH which is already supported for regular PUSCH repetition. From FL perspective, I have to respect the majority and also try to address the concerns as much as possible.  

	China Telecom
	We think intra-slot FH is needed. For current DL heavy TDD configuration, the number of consecutive available UL slot is small. Thus, inter-slot FH not always obtains expected frequency diversity gain. Under this condition, intra-slot FH is needed.

	Samsung 
	To sharp and intel, I guess we gonna borrow FL’s replies to us that “different companies may have different views on the benefits” and extended it to “different companies may have different views on the spec impact as well”;  since this is for msg3 only, we don’t want to expect it to be complicated, with intra-slot FH it indeed does, but proponents insists the benefits are worthy it with opening the door for discussion two types are discussed, which one(s) to be enabled. We wonder why case (b) should not get the benefits? TO FL, there is no guarantee that where second legacy UE has to be located, it could be case that the golden place has been occupied by other scheduled transmission, which is same as the proponents wishing the second UE is in this golden place, they are mathematically same probability. To Intel, here we seems discussing the so called multiplexing gain rather than FD gain.
To CT, in the msg3 transmission case, without knowing the identify of UE, gNB cannot ensure the channel condition of such UE even in connected mode, so whether using intra-FH or inter-FH seems more gNB choice rather than clear preference. Previously, msg3 is contained in one slot, so intra-slot FH is the only choice, but since we already support inter-slot FH for msg3 repetition case, it seems not necessary for us to having another FH pattern. 

	Ericsson
	According to the discussions so far on this issue, it seems to be the common understanding that there could be loss or at least no performance gain from intra-slot FH compared to inter-slot FH when repetition is enabled for Msg3.
On the other hand, some companies assume that intra-slot FH can allow more flexible time frequency positions for scheduling resources for other UEs or other channels for the UE. However, Msg3 scheduling itself is already flexible enough in both time domain and frequency domain. In time domain a SIB1 configured TDRA list can be used to configure flexible number of symbols for a Msg3 PUSCH, in frequency domain any PRB can be scheduled for Msg3 PUSCH. 
Maybe one can say only when an L>X (e.g. X=7) OFDM symbols are scheduled for Msg3, intra-slot FH can be allowed. Then the question is why a gNB needs to schedule a long Msg3 PUSCH when capacity/multiplexing is more important than coverage. More justifications are needed on this.
At least according to the observations from the discussions so far, intra-slot FH is not needed for Msg3 repetitions.

	Nokia/NSB
	“cannot be enabled configure” should be “cannot be enabled configured”.
We would also ask a clarification about the meaning. Are we sure all companies have the same understanding of the “configured” part? For instance, is the sub-bullet implying that only one mode can be configured per cell or per UE?
The difference between the two cases in non-negligible and we are not sure that the third sub-bullet is sufficient to cover this aspect.
Furthermore, we would like to understand why now capacity/multiplexing are becoming important factors to consider if our goal is to increase coverage. Very few features, if any, in NR provide good gains according to all possible metrics. In this context, almost every coverage enhancing feature reduces capacity and multiplexing. This is just the price to pay and it is very clear to everyone. Spelling it out or not is irrelevant, everyone knows this is the case. Same situation applies for TBoMS (AI 8.8.1.2) and increasing the max number of repetitions for Typa A repetitions (AI 8.8.1.1), right? In this context, the question should simply be “is intra-slot FH useful or not”? We think Samsung has a point. Statistically it should not really matter that much. Be it as it may, our preference is to configure FH mode for Msg3 with the least possible expense of resources, hence SIB1 + usual bit for FH should largely suffice, given that each UL grant is unicast and not broadcast 
FL: Typo is corrected now, thanks. The proposal is also updated to be more specific. 

	FL
	@CATT, Samsung, Ericsson, the proposal is further updated as follows to limit the FH mode to be SIB1 configured, which is simply reuse the mechanisms of regular PUSCH repetition type A. Hope this could resolve some of your concerns, and also acceptable for other companies. 



First update
Proposal 6-v3: Support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled configured 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. 
· Frequency hopping mode, i.e., intra-slot frequency hopping or inter-slot frequency hopping, is configured by SIB1. 

	Company
	Comments

	NTT DOCOMO
	We support the proposal. 
Intra-slot frequency hopping in msg3 is supported in Rel.15/16. If not supported in Rel.17, it causes restrictions on resource scheduling as pointed out by many companies. Although this agenda aims to enhance coverage, it is not good to ignore flexibility of NW scheduling. As long as there is a benefit in NW scheduling, intra-slot frequency hopping should be supported too.  

	Huawei, HiSilicon
	Since it is very limited for a UE to report its capability during initial access, it is inappropriate to introduce more diversity of UE capability for initial access. Therefore, we proposal a subbullet to make it clearer,
· For a UE capable of Msg3 PUSCH repetition type A, its support of intra-slot frequency hopping for repetition of Msg3 initial and re-transmission is mandatory without signaling.
FL:At this last moment, I am a bit hesitate to add more restrictions, which would lead us more difficult to converge. FL suggests to discuss the capability in the next step. 

	Panasonic
	We are fine with the proposal.

	Intel
	We are fine with the proposal.

	Xiaomi
	We are fine with the proposal.

	Ericsson
	One question to the proponent companies: What is the coverage gain from intra-slot FH compared to inter-slot FH when msg3 is repeated?
According to our evaluations, no gain is observed, thus we do not support this feature without any performance gains compared to the inter-slot FH. And we propose:
Proposal 6-v3: Do not support intra-slot frequency hopping for repetition of Msg3 initial and re-transmission. 
If we want to talk about the flexibility of uplink scheduling for Msg3 coverage enhancement, please find our earlier comments.

	China Telecom
	We prefer the original version, i.e. leave the signaling design a FFS.

	CATT
	Share same views with Ericsson. 

	OPPO
	Fine with the proposal.

	Samsung 
	Share similar views with Ericsson.

	WILUS
	We share the similar view with Ericsson. 
We are discussing on the coverage enhancement for Msg3 PUSCH, and inter-slot FH outperforms intra-slot FH on coverage perspective. 
Also, we are still unclear how much system performance gain of intra-slot FH can be achievable in terms of UE multiplexing and resource utilization. Rel-15/16 UEs with intra-slot FH can be multiplexed and the number of Rel-17 UEs requiring coverage enhancements may be not so high so that the chance to multiplex Rel-15/16 UEs with intra-slot FH and Rel-17 UE with coverage enhancements may be limited. Even though the number of Rel-17 UE requiring coverage enhancements becomes large, it would be better to multiplex Rel-17 UEs requiring coverage enhancements with inter-slot FH. 
The signalling overhead in SIB1 to configure one of intra-slot FH/inter-slot FH should be taken into account. We can deprioritize intra-slot FH and focus on inter-slot FH.

	FL
	It seems we are in an endless loop now. Each side seems not able to convince the other side. As FL, I am sorry that I am not able to see any middle ground here, and a decision has to be made one way or another. Let’s see whether we have some time to finalize in today’s GTW session. If we cannot converge, we have to once again discuss this in the next meeting. 




[Closed] Issue#8: Indication of the number of repetitions for Msg3 re-transmission

Based on the first round of discussion, the current situation is summarized as follows.
Proposal 8-v1: 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. 
Support: Apple, Sharp, Intel, vivo, OPPO, Ericsson, CMCC, InterDigital, Panasonic, China Telecom, LG Electronics, Xiaomi, Lenovo, Motorola Mobility, Spreadtrum, Huawei, HiSilicon, ZTE, Qualcomm, ETRI, WILUS
Not support: CATT, Nokia/NSB

Note that, there is no need to further indicate your position below. Instead, 
· please the proponents to provide your views on how to allow different number of repetition numbers between initial and re-transmission of Msg3, and what’s the detailed benefits. 
· please the opponents to provide detailed reasons on why it has to limit the same number of repetitions for initial and re-transmission, and also suggestions to move forward.  
Hopefully, this would be the last round to collect companies views on this issue. If companies still cannot converge, we have to make a decision one way or another. 
	Company
	Comments

	vivo
	For CATT and Nokia’s concerns, in our understanding, NW scheduler may not only rely on link quality, the load for UL transmission also need to be considered, considering the fact that the number of actual repetitions for normal PUSCH would be further increased as discussed in AI 8.8.1.1. Flexibility on changing the number of repetitions in retransmission stage for MSG3 may also help NW to properly manage the UL resource. It seems also the same logic for scheduling normal PUSCHs.
Besides, another justification is related to the issue of how to determine the available slots for MSG3 repetition. Please refer to our comments for issue#10.


	Xiaomi 
	We share the same view as vivo. When the uplink transmission suffer a large burden in the current network, although the UE is in poor coverage, the gNB may allocate a fewer repetition numbers to it. And the repetition number may be changed when re-transmission occurs. Any restriction on the gNB scheduling shouldn’t be adopted.

	Intel
	In our view, we also need to consider the case for Msg3 retransmission and retransmission of Msg3 retransmission. In this case, fine tuning of the number of repetitions would help gNB to control the amount of resource for uplink transmission. 

	CATT
	Thank vivo for replying our questions.
But sorry to say we cannot buy it. What we are talking about here is coverage. It seems your opinion is to indicate a smaller repetition number for the re-transmission. If the traffic load is the criteria, it will lead to a poor coverage. Definitely we need to prioritize the coverage as this is why we are here.
So, we would like to raise our previous concerns here for convenience.
1. We don’t think a gNB know the channel condition change between the initial transmission and re-transmission. There is no SRS transmission and no QCI feedback. Could proponent elaborate how a gNB identify the change of channel condition?
FL: One may argue that gNB could adjust the number of repetitions based on the decoding of the Msg3 initial transmission, e.g., the gap between the received SNR and required SNR for Msg3. 
2. For the second point, it seems gNB should rely on the retransmission instead of the initial transmission. If a gNB identify a Msg3 PUSCH transmission needs to be enhanced, it should try its best at the first place. We think this is the common logic everywhere. Otherwise, the latency would be larger. Furthermore, the criteria for determining the repetition number is unclear.
3. For the third point, we don’t understand the point. For normal PUSCH transmission configured with repetition which is scheduled by fallback DCI, the retransmission will follow the same repetition number as the initial transmission. Why it becomes an issue for Msg3 PUSCH re-transmission? The Msg3 re-transmission is also scheduled by a fallback DCI.
FL: For your last two comments: Typically, gNB should try to find an appropriate repetition number to achieve a good balance between coverage and resource efficiency. The proposal certainly provides gNB additional flexibility for achieving this. 
You can also refer to the answers from other companies. 

	Sharp
	For the 3rd point from CATT, if the gNB is restricted to allocate the same number of repetitions as for the initial transmission, latency becomes larger if early termination is not supported. From latency reduction perspective, dynamic indication of the number of repetitions for msg3 retransmission would be required.

	Ericsson
	Regarding the benefit of allowing flexible repetition number in a Msg3 retransmission compared to Msg3 initial transmission, maybe when gNB realizes that the number of repetitions for initial transmission is not enough to decode the PUSCH based on the SNR measured in receiving all the repetitions from the initial Msg3 PUSCH transmission, then it can increase some number of repetitions in a retransmission so that a more reliable msg3 can be assured to avoid further retransmissions. One may also argue why not set the number of repetitions as larger as enough in initial transmission, maybe the answer could be that simply based on detection preamble the link quality is not that enough for gNB to estimate a best number of repetitions for initial msg3 transmission.
Regarding setting same number of repetitions for msg3 initial and retransmissions, maybe the benefit can be to avoid additional signalling overhead for configuring the repetition number in DCI directly or indirectly which is being discussed.
Anyway, our first priority is to allow flexible repetition number signalled for both initial and retransmissions of Msg3, we’re also fine to allow same number of repetition between initial and retransmission as long as flexible repetition number is possible for initial transmission of Msg3 if all companies agree on that which seems not likely.

	Nokia/NSB
	Fully agree with CATT.
@Sharp: latency has never been considered an important metric in this AI. Several discussions were carried out during the SI and we concluded it should not be considered an important aspect, but only coverage should.
@Vivo and Xiaomi: your observations would be acceptable if the time difference between initial transmission and re-transmission was much larger than the timescale of typical UL load evolution. We are not sure this can be claimed, given that the time difference between initial transmission and re-transmission may be quite short in practice. 
@Ericsson: We think your very last suggestion is the best course of action, hence we would agree to “[…] allow same number of repetition between initial and retransmission as long as flexible repetition number is possible for initial transmission of Msg3”. 

	FL 
	Situation seems not changed. FL suggest to discuss this proposal in Today’s GTW. 

	OPPO
	For the initial transmission of Msg3 repetition, gNB schedules Msg3 repetition based on UE request and limited conditions of gNb side, e.g. preamble reception. The coverage of UE is evsluated mainly based on conditions of UE side, e.g. measured SS-RSRP threshold. For gNB, the decision of Msg3 repetition and repetition number may be not optimized with limited conditions of gNb side. After initial transmission of Msg3 repetition, gNB has more knowledge of UE coverage, which can be derived from Msg3 repetition reception. Msg3 PUSCH DMRS is an example to evaluate UE coverage more credibly on gNB side. 
For the re-transmission of Msg3 repetition, gNB can schedule Msg3 repetition with optimized repetition number. There are benefits of flexible Msg3 repetition number indication for Msg3 re-transmission. There are no additional signalling overhead for DCI 0_0, if TDRA based repetition number indication is reused as that for normal PUSCH repetition in Rel-16.

	FL
	The proposal is agreed during GTW session, and therefore the discussion is closed. 




Issue#10: Support of the number of repetitions counted on the basis of available slots for Msg3 repetition. 
Based on companies’ input, the support of enhanced PUSCH repetition type A regarding the number of repetitions counted on the basis of available slots for Msg3 initial/re-transmission is summarized as follows. 
·  The number of repetitions is counted on the basis of available UL slots for Msg3 repetition. 
·  Support: [2, OPPO], [4, ZTE], [5, vivo], [10, Intel], [12, Qualcomm](FFS), [24, CMCC]
In addition, it needs to discuss whether the number of repetitions counted on the basis of consecutive UL slots should be also supported. 

Companies are encouraged to provide your views on whether the number of repetitions for Msg3 repetition is counted on the basis of consecutive UL slots or available UL slots. 
	Company
	Comments

	vivo
	We agree that the number of repetitions is based on available slots. While how to determine the available slots should be further discussed.
As discussed in our contribution, the flexible slots determined based on TDD-UL-DL-Configcommon are not always available. The flexible symbols may be reconfigured as DL by dedicated signalling for RRC connected UEs, but idle UEs are not aware of how the flexible resources are used by NW. As shown in following figure.
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If UE determines the available slots as reusing current Type-A repetition mechanism, the UL transmission may be colliding with the DL transmission for connected UEs. Apparently, forbidden NW to change the direction of the flexible symbols would greatly limit the flexibility on resource scheduling at NW. 
Alternatively, NW can dynamically indicate a number of repetitions, less than expected, to avoid potential collision. Or further introducing some mechanisms to avoid the potential collision if NW does not have the flexibility to determine the number of repetitions.
If the repetitions are counted based on consecutive slots, this issue also need to addressed to avoid the potential collisions.

	Xiaomi
	From our perspective, the number of repetitions can be counted on non-consecutive slots in unpaired spectrum to enhance the coverage of msg.3. 

	CMCC
	At least in the unpaired spectrum, the non-consecutive slots should be used for the counting of the repetitions. It is not efficient that when we set a 16 repetitions, but only 4 actual repetitions can happen.

	Intel
	We support this proposal. This is beneficial, especially for unpaired spectrum to improv the coverage for Msg3 PUSCH. In this case, the number of repetitions may not be a very large number as discussed in issue #9. The framework for enhancement on repettition type A can be straightforwardly extended for Msg3 PUSCH. 

	Qualcomm
	We think it is better to count the number of repetitions based on the available UL slots in unpaired spectrum.

	CATT
	We are fine with the proposal.
For a UE during initial access, it only knows the common TDD UL DL configuration. It cannot know the UE dedicated TDD UL DL configuration, which may further change the direction of the semi-static flexible symbols. We propose to add a sub-bullet as “FFS: the determination of available UL slots.”

	China Telecom
	We support this proposal. 

	Sharp
	We are fine with FL proposal. We also have similar concern as vivo and CATT regarding UE-specific TDD configuration. Putting an FFS as indicated by CATT would be better for next meeting.

	Spreadtrum
	We support this proposal. 

	Samsung 
	Generally fine with the proposal, and fine to the FFS point raised by CATT, we suggest we can add “in principle” in the main bullet. 

	Ericsson
	According to our understandings, this is out of the scope of the WID
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
Same Type of Msg3 repetition should be used as the Type-A PUSCH repetition in NR Rel-16, and a reliable Msg3 PUSCH can be based on Msg3 retransmission and a number of actual repetitions (e.g. up to 4 actual repetitions when DDDSU TDD configuration is used and a 16 physical slots is supported) in case of downlink heavy TDD configurations.
FL: In SI, we have concluded the following specification impacts for Msg3 repetition. This is based on repetition type A while the enhancements in Rel-17 could also be considered. 
	-	Potential specification impacts of the repetition type include:
-	Introducing PUSCH repetition Type A.
-	Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
-	The potential specification impacts for the solutions studied in Clause 6.1. 




	Nokia/NSB
	According to our understanding, we cannot conclude if the “Type A PUSCH repetitions” framework to be used for Msg3 is Rel-16 or Rel-17. We do not remember that discussion to ever take place in RAN1 (FL can correct us, if we are forgetting anything). Therefore, since the subject seems controversial, we suggest discussing which repetition framework to consider as a reference instead of discussing how slots are counted. Once we decide which framework is used, the question on the slots will have an answer automatically. 

FL: Thanks for the suggestion. I think your suggestion is also feasible. On the other hand, it would also involve the discussion on the maximum number of repetitions, which is more controversial at this point. To simplify the situation at least for now, FL thinks it’s better to discuss the features one by one. 


	FL 
	
Based on the comments, FL suggests to discuss the following proposal in today’s GTW. 

Proposal 10: The number of repetitions is counted on the basis of available UL slots for Msg3 repetition. 
· “FFS: the determination of available UL slots.”


	OPPO
	We are fine with FL’s revised proposal. The desired repetition number for Msg3 transmission can be guaranteed on the basis of available slots in unpaired spectrum. It should be further discussed on how to determine available UL slots in different cases. 



First update
Proposal 10: The number of repetitions is counted on the basis of available UL slots for Msg3 repetition. 
· FFS: the determination of available UL slots.

	Company
	Comments

	NTT DOCOMO
	We support the proposal. 
The enhancement of Type A PUSCH repetition should be applied to type A PUSCH repetition for msg3. It is hard to find the motivation not to support it.

	Apple
	“Type-A” for Msg3 repetition should be added to the proposal, as it is already given by the WID.   

	CMCC
	Support the proposal. 
According to the online discussion, the repetition should be “PUSCH type A” repetition

	Huawei, HiSilicon
	Regarding the FFS, it is unclear what the relationship of a determination solution here for Msg3 and the solution developed for normal PUSCH repetition type A. For initial access, in our understanding, the solution for the determination of available UL slots should be the same as the outcome from the agenda item 8.8.1.1, as least it is reused as much as possible. Because the determination for normal repetition type A is not clear yet, and there is no other discussion points for Msg3 relying on the progress of this proposal, our first preference is to revisit this proposal later in order to make sure no solution with high complexity and high signalling overhead is introduced for initial access. But if companies prefer to decide it now, our second preference is to ensure that the same solution is reused. Therefore, if companies cannot wait, we propose,
 Proposal 10-rev: The number of repetitions is counted on the basis of available UL slots for Msg3 repetition. 
· FFS: the determination of available UL slots developed in AI 8.8.1.1 for normal PUSCH repetition type A is reused, no additional spec impact unless deemed necessary.

FL: Please find vivo’s comment in the first round above and also Intel/WILUS comments below. In addition, Msg3 repetition is a new feature, even we agree with the design should be based on Rel-16 type A PUSCH repetition, we also need to discuss the slots in which Msg3 repetition should be canceled since the difference of RRC idle and connected mode. It may lead to different handling anyway. For now, FL thinks it is safer to use a more general description for now.

	Panasonic
	We are fine with the proposal. Our view is that “Type A PUSCH repetition” framework to be used for Msg3 should be Rel-17.

	Intel
	We are fine with the proposal in principle. We are also fine with suggestion to add “repetition type A” in the proposal. 
Regarding HW’s comment, we think it is too early to decide that the solutions specified for PUSCH repetition type A enhancement under AI 8.8.1.1 can be directly applied for Msg3 PUSCH repetition. There are certain aspects, e.g., whether dynamic SFI or CI is part of determination for available UL slots which need to be separately considered for normal PUSCH and Msg3 PUSCH repetition. 

	Spreadtrum
	We are fine with the proposal, and we share the similar views with other companies that the repetition should be “PUSCH type A” repetition.

	Xiaomi
	We share the same view with Apple, CMCC and other companies that repetition of msg.3 is PUSCH repetition type A.

	Ericsson
	The SI agreements copied from FL is only for the msg3 repetition in general, and it is not what we agreed in the RAN plenary when the WID was approved for this WI.
We should follow the WID to specify mechanism(s) to support Type A PUSCH repetitions for Msg3, i.e. based on the physical slots.
Up to 16 physical slots can already provide up to 4 repetitions in case of DDDSU configuration, i.e. U DDDSU DDDSU DDDSU. If additional repetitions are required, UE can do retransmission instead as PDCCH overhead is not a problem for retransmission scheduling. More than 16 physical slots for Msg3 repetition is not necessary in our view, retransmission compared to repetition can already provide similar performance gain.
According to above, and considering there will also be additional unknown complexity introduced for supporting msg3 repetition counted based on available slots which is being discussed in agenda 8.8.1.1 as is already mentioned by other companies, we do not see need to motivation to over-specify the Msg3 repetition feature.
FL: Based on the discussion in SI, it is clear that the repetition type A could be Rel-17 enhanced type A, and the WID doesn’t preclude this. As for the motivation, one may argue 4 repetitions in your example may not sufficient especially for FR2 scenario. 
In addition, Msg3 repetition is a new feature, even we agree with the design should be based on Rel-16 type A PUSCH repetition, we also need to discuss the slots in which Msg3 repetition should be canceled since the difference of RRC idle and connected mode. So, as FL, I don’t see any benefits to be based on Rel-16 type A PUSCH repetition.
If we really need an agreement to repeat what the WID already tells though not necessary in our view, we propose:
Proposal 10: The number of repetitions is counted on the basis of available UL physical slots for Msg3 repetition, same as Type A PUSCH repetition in NR Rel-16. 
FFS: the determination of available UL slots.

	vivo
	Suggest the following revision.
Proposal 10: The number of repetitions is counted on the basis of available UL slots for Msg3 Type-A PUSCH repetition. 
· FFS: the determination of available UL slots.


	China Telecom
	We support this proposal.

	CATT
	Fine with vivo’s version.

	OPPO
	We are fine with the proposal, and share the same view with other companies that type A PUSCH repetition for Msg3 should be clarified in the proposal. The determination of available slots can refer to the conclusion made in AI 8.8.1.1 for normal PUSCH repetition type A.

	Samsung 
	As we commented online, we think it should be clarified by saying “available slots for UL transmission” which we already used in other agreements.

Proposal 10: The number of repetitions is counted on the basis of available UL slots for Msg3 Type-A PUSCH repetition transmission. 
· FFS: the determination of available UL slots for UL transmission.


	WILUS
	Basically, we support the proposal and the proposal updated by vivo. 
However, we are not sure that the determination of available UL slots developed in AI 8.8.1.1 for normal PUSCH repetition type A is reused, suggested by HW, is directly applicable to Msg3 PUSCH repetition, because the Msg3 PUSCH repetition is transmitted before RRC connection so that the UE has only cell-specific configurations.

	FL 
	
The proposal is updated as follows to align with the wording in the WID. 

Proposal 10: The number of repetitions is counted on the basis of available UL slots for Type A PUSCH repetitions for Msg3. 
· FFS: the determination of available UL slots.

	Huawei, HiSilcion
	@WILUS, Intel, Thank you for your response to our proposal. We are trying to avoid a new solution on determination of available slots for Msg3 PUSCH that is far different from the solution for regular PUSCH repetition type A. But OK to reuse the same solution with deemed necessary change for Msg3. Since companies have different views on this, and there is no other discussion points relying on any progress of the proposal, we suggest to defer this proposal until we have more detailed design of the determination of available slots for regular PUSCH repetition type A. 
Additionally, in order to minimize the diversity of UE capability for Msg3, does the proposal mean the counting is only based on available slot for Msg3 repetition or is based on both ways? If there are two ways for counting, is the UE mandated to support both of them?

	FL
	Msg3 repetition is a new feature. We anyway need to discuss whether the repetition should be based on the available slots or consecutive slots. No matter which way we go with, I am afraid we anyway need additional discussion on what is available slots (if it is the former) or which slot can be omitted/canceled (if it is the latter). Given the difference during RRC idle and connected mode, we may not be able to fully reuse the legacy behavior for regular PUSCH repetition type A. In this sense, I think this is a fundamental issue for determining the time domain pattern for Msg3 repetition, and it would be better if we can conclude ASAP. In addition, this is also related to the maximum number of repetitions, which could be potentially more easily converged if we can agree with this proposal. As for your clarification, the intention of the proposal is to only support counting based on available slots.

	FL
	The issue is concluded bythe following WA.

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
R1-2102315	 Discussion on Msg3 repetition for coverage enhancement 	Huawei, HiSilicon
R1-2102410 	Type A PUSCH repetitions for Msg3 coverage	 OPPO
R1-2102466	 Discussion on type A PUSCH repetitions for Msg3	 Spreadtrum Communications
R1-2102500	 Discussion on support of Type A PUSCH repetitions for Msg3 	ZTE
R1-2102537	 Discussion on Type A PUSCH repetitions for Msg3	 vivo
R1-2102646	 Discussion on Type A PUSCH repetitions for Msg3	 CATT
R1-2102863	 Discussion on type A PUSCH repetitions for Msg3 	China Telecom
R1-2102995	 Type A PUSCH repetition for Msg3	 Xiaomi
R1-2103010	 Type A PUSCH repetitions for Msg3 	InterDigital, Inc.
R1-2103045 	On Msg3 PUSCH repetition	 Intel Corporation
R1-2103119	 Discussion on Msg3 Coverage Enhancement	 Apple
R1-2103181	 Type A PUSCH repetition for Msg3	 Qualcomm Incorporated
R1-2103209	 Discussion on Type A PUSCH repetitions for Msg.3 	Panasonic Corporation
R1-2103254	 Type A PUSCH repetitions for Msg3	 Samsung
R1-2103329	 Type A PUSCH repetitions for Msg3	 ETRI
R1-2103383	 Approaches and solutions for Type A PUSCH repetitions for Msg3 	Nokia, Nokia Shanghai Bell
R1-2103447	 Type A PUSCH Repetition for Msg3	 Ericsson
R1-2103482	 Type A repetition for msg3 PUSCH 	Sharp 
R1-2103515	 Discussion on  PUSCH repetitions for Msg3 	NEC
R1-2103590 	Type A PUSCH repetitions for Msg3 	NTT DOCOMO, INC.
R1-2103618	 Type A PUSCH repetition for Msg3 	Lenovo, Motorola Mobility
R1-2103627	 Discussion on coverage enhancement for Msg3 PUSCH	 LG Electronics
R1-2103702	 Discussion on Type A PUSCH repetitions for Msg3 	WILUS Inc.
R1-2103772	 Discussion on type A PUSCH repetitions for Msg3 	CMCC

Appendix - Agreements
	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.

Update on 4/16
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.




	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. 
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