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This contribution addresses the following issues for Type A PUSCH repetitions for Msg3:
· Indication of the number of repetitions for msg3 initial transmission
· Maximum number of repetitions
· Interpretation of information field
· LS from RAN2
The contribution proposes to indicate the number of repetitions of msg3 initial transmission using TPC information field and to not support additional indication from network to enable/disable repetition behaviour.
Indication of the number of repetitions for msg3 initial transmission
In RAN1#106-e, RAN1 made a working assumption to down-select only one of 3 methods for indication of the number of repetitions of msg3 initial transmission. The three methods are to use TDRA-based indication, MCS information field or TPC information field. RAN1 discussed extensively pros and cons of each method at RAN1#106-e [1]. In summary, overloading or re-purposing any field slightly impacts the flexibility of the functionality for this field. 
Both Alt. 1 (TDRA) and Alt. 3 (TPC) are attractive candidates since for Alt. 1 repetition factor is configurable in TDRA table for PUSCH repetition and for TPC the loss of granularity can be recovered in subsequent transmissions. Between the two, Alt. 3 may be slightly preferable because it would not incur additional RRC overhead. 
Proposal 1: TPC information field indicates the number of repetitions of msg3 initial transmission (Alt. 3).
Proposal 2: If proposal 1 is not agreed, support TDRA-based indication for the number of repetitions of msg3 initial transmission.
Two options are identified for Alt. 3 on the mapping of the TPC field to repetition factor. Option 1 is a subset of Option 2 which would result in supporting two possible power adjustments for each repetition factor, if 4 values of the repetition factor are possible. This design seems to offer adequate flexibility.
Proposal 3: Each value of the 2 LSB bits of TPC information field map to a number of repetitions of msg3 initial transmission (Option 1).
In case RAN1 agrees on supporting a TDRA-based indication, the option of introducing a new TDRA table with new indications for each entry (Option 1) would be preferable to being constrained to the non-repetition TDRA table to maintain good scheduling flexibility for both non-repetition and repetition cases. As noted during RAN1#106-e, such choice would not automatically imply significant additional overhead because the non-repetition TDRA table may not be signalled in SIB1.
Proposal 4: If TDRA-based indication is supported for indicating the number of repetitions of msg3, new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor (Option 1).
RAN1 also made an agreement to down-select between two options for the interpretation of the information field. In the first Option, the UE interprets msg2 assuming that msg3 repetition is enabled if it sent a preamble requesting msg3 repetition. In the second Option, there is an additional indication from the network of whether the UE should interpret msg2 assuming legacy behaviour or msg3 repetitions. The first Option is much simpler and there does not seem to be any strong need to adopt Option 2 since the value K=1 can still be configured for the number of repetitions in Option 1.
Proposal 5: When a UE requests msg3 repetition, the UE (only) obtains the number of repetitions from the repurposed information field or new TDRA table (Option 1).
RAN1 agreed to support at least repetition factors K = {1, 2, 4}. If proposal 5 is agreed, the value K=1 is to be indicated from the field that RAN1 will select for the indication of the number of repetitions. If, for example, TPC-based indication is adopted then 2 bits are anyway needed to indicate K which means that indication of a 4th value would come for free. The most natural extra value is K = 8. 
Proposal 6: Repetition factors {1, 2, 4, 8} are supported .
Reply to RAN2 LS
 RAN2 sent an LS to RAN1 [2] with the following questions:
Question 1: Does RAN1 think it is feasible to support Msg3 repetition on both NUL and SUL? If it is feasible, whether different RSRP thresholds for requesting Msg3 repetition are needed for NUL and SUL?
It could be beneficial to allow the operator to configure Msg3 repetition on SUL as well, depending on the cell deployment and size. Cells in rural deployments can benefit from Msg3 repetition on the SUL carrier, e.g. when random access is initiated on the SUL for cell edge UEs.
Proposal 7: Msg3 repetition is supported on NUL, SUL, or both NUL and SUL. 
In TS 38.321, the UE compares the measured DL RSRP to rsrp-ThresholdSSB-SUL; selects the SUL if the measured RSRP is less than the threshold, and the NUL otherwise. If the new Msg3 repetition RSRP threshold is common for SUL and NUL and is configured with a value higher than rsrp-ThresholdSSB-SUL, then any initiated RA on the SUL will have msg3 repetition. Further, if the new Msg3 repetition RSRP threshold is common for SUL and NUL and is configured with a value lower than rsrp-ThresholdSSB-SUL, then any initiated RA on the NUL will not have msg3 repetition. 
Observation 1: if a common threshold is used for msg3 repetition on both SUL and NUL, the feature is only usable on either NUL or SUL.
Therefore, if msg3 repetition is support on the SUL, it makes more sense to allow configuration of a separate Msg3 repetition threshold.
Proposal 8: Support different RSRP thresholds for requesting Msg3 repetition for NUL and SUL. 
Question 2: Does RAN1 think it is feasible to configure random access preamble Group B together with Msg3 repetition?
Preamble group B is used to indicate the desired msg3 size, which should help the scheduler in providing a bigger grant with better reliability. It can beneficial to support this, e.g. especially for RA initiated for data transmission purposes (e.g. small data transmission) with improved coverage, as the payload size can vary. It can be up to the network whether to configure Group B preambles together with Msg3 repetition.
Proposal 9: Random access preamble Group B can be optionally configured together with Msg3 repetition.
Question 3: For Msg1 transmission used to request Msg3 repetition, does RAN1 see any issue and benefit of optionally configuring a separate set of RACH parameters?
If the UE is in bad coverage for msg3, it is also likely in bad coverage for Msg1 detection. These parameters (preambleReceivedTargetPower, power ramping step, preambleTransMax) can be configured differently for prioritized RACH in TS 38.321, so this type of RA procedure with Msg3 repetition can be considered part of it. 
Proposal 10: Support configuring a separate set of RACH parameters For Msg1 transmission used to request Msg3 repetition 
Conclusion.
This contribution proposes the following:
Proposal 1: TPC information field indicates the number of repetitions of msg3 initial transmission (Alt. 3).
Proposal 2: If proposal 1 is not agreed, support TDRA-based indication for the number of repetitions of msg3 initial transmission.
Proposal 3: Each value of the 2 LSB bits of TPC information field map to a number of repetitions of msg3 initial transmission (Option 1).
Proposal 4: If TDRA-based indication is supported for indicating the number of repetitions of msg3, new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor (Option 1).
Proposal 5: When a UE requests msg3 repetition, the UE (only) obtains the number of repetitions from the repurposed information field or new TDRA table (Option 1).
Proposal 6: Repetition factors {1, 2, 4, 8} are supported .
The following proposals and observation relate to replies to LS from RAN2 [2].
Question 1: Does RAN1 think it is feasible to support Msg3 repetition on both NUL and SUL? If it is feasible, whether different RSRP thresholds for requesting Msg3 repetition are needed for NUL and SUL?
Observation 1: if a common threshold is used for msg3 repetition on both SUL and NUL, the feature is only usable on either NUL or SUL.
Proposal 7: Msg3 repetition is supported on NUL, SUL, or both NUL and SUL. 
Proposal 8: Support different RSRP thresholds for requesting Msg3 repetition for NUL and SUL. 
Question 2: Does RAN1 think it is feasible to configure random access preamble Group B together with Msg3 repetition?
Proposal 9: Random access preamble Group B can be optionally configured together with Msg3 repetition.
Question 3: For Msg1 transmission used to request Msg3 repetition, does RAN1 see any issue and benefit of optionally configuring a separate set of RACH parameters?
Proposal 10: Support configuring a separate set of RACH parameters For Msg1 transmission used to request Msg3 repetition 
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Appendix
Agreements from RAN1#106-e
Agreement 
Do NOT support fallback RAR UL grant in 2-step RACH for indicating Msg3 repetition. 

Agreement 
The separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition.

Working Assumption
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.
·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· K=1. 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
·  FFS details. 

Agreement 
Down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
· Option 1:
· When a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table or legacy information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
· Option 2:
· When a UE requests Msg3 repetition, gNB schedules Msg3 with or without repetition by respectively using the new TDRA table or legacy TDRA table; or gNB schedules Msg3 with or without repetition by respectively using repurposed information field or legacy interpretation of information field. Whether the UE should apply the new or the legacy TDRA table, or apply repurposed or legacy interpretation of the information field, is indicated by gNB. 
· FFS details, e.g. implicit or explicit indication or predefined.
· Repetition factor K=1 is NOT included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn't request Msg3 repetition (including legacy UE), gNB schedules Msg3 without repetition. The UE applies the legacy TDRA table, or the legacy interpretation of the information field.

Agreement 
· Support at least repetition factor K = {2, 4} for Msg3 PUSCH repetition. 
·  FFS whether to support other values, e.g., 8. 
· Note: K=1 is supported and how to support K=1 is FFS.  

Agreement
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.
Agreement 
Do not support TBoMS for Msg3 in Rel-17 coverage enhancement WI.

Agreements from RAN1#105-e
R1-2106007
Update on 5/22:
Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.
 
Agreement: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
 
Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on dynamic SFI in DCI format 2-0.
 
Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on UL CI.
 
Agreement: Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission.
· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 
· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· FFS: The RV cycling for Msg3 is based on transmission occasions on available slot.


Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.

Agreement: Available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated.

Agreement: Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 
· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 
· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.

Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 

Conclusion:
· Companies are encouraged to perform additional evaluations regarding intra-slot frequency hopping for Msg 3 with repetition. Aim to conclude whether or not to support this feature in RAN1#106-e (note: if supported, the intention is to not configure intra- and inter-slot frequency hopping simultaneously)

Final summary in R1-2106247

Agreements from RAN1#104b-e
R1-2103829
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.

Agreements from 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. 

