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[bookmark: _Ref506539118]Introduction
At the RAN1#106b-e meeting, the following agreements and working assumptions were made regarding Msg3 PUSCH repetition [1]:
Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
·   The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
·  The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
RAN1 thinks at least the number of preambles per SSB per RO for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, is needed. It’s up to RAN2 whether to indicate the start of preamble index for request of Msg3 repetition with shared RO. 
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
· From RAN1 perspective, there is no need to separately configure the following legacy RACH parameters configured in RACH-ConfigCommon for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier. 
· prach-ConfigurationIndex
· msg1-FDM
· msg1-FrequencyStart
· zeroCorrelationZoneConfig
· totalNumberOfRA-Preambles
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB
· FFS: rsrp-ThresholdSSB 
· rsrp-ThresholdSSB-SUL
· prach-RootSequenceIndex
· msg1-SubcarrierSpacing
· restrictedSetConfig
· msg3-transformPrecoder
Conclusion 
There is no consensus to additionally support intra-slot frequency hopping for Msg3 PUSCH with repetition in Rel-17. 
Note: intra-slot FH is supported when a UE is scheduled Msg3 PUSCH without repetition.
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195)
· From RAN1 perspective, it can be beneficial to separately configure rsrp-ThresholdSSB for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier.
Agreement 
If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused to enable/disable inter-slot frequency hopping.
Agreement 
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot. 
· FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17. 
· FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)
In the contribution, we discuss Msg3 PUSCH repetition for coverage enhancement. Our views on enhancements on PUSCH repetition type A, TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [2], [3] and [4], respectively. 
Indication of repetition level for Msg3 PUSCH
Indication of repetition level for Msg3 initial transmission
In order to improve the coverage, repetition is supported for Msg3 PUSCH during 4-step RACH procedure. Figure 1 illustrates link level simulation results for Msg3 PUSCH with different number of repetitions. In the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 56, MCS = 0, 3 DMRS symbols that are allocated in each slot and UE moving speed of 3km/h. From the figure, it can be observed that ~2dB performance gain can be achieved with doubling the repetition levels for Msg3 PUSCH.
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[bookmark: _Ref52895482]Figure 1. Simulation results for Msg3 PUSCH with repetitions
Observation 1
· ~2dB performance gain can be achieved for Msg3 PUSCH when the repetition level is doubled.

At the RAN1#106b-e meeting, two alternatives will be down-selected for indication of the number of repetitions of Msg3 initial transmission, which include TDRA field with introducing a new TDRA table, and MCS information fields in the RAR UL grant [1]. 
For TDRA based approach, a new TDRA table is introduced, which includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor. Further, if the new TDRA table is not configured, the legacy default TDRA table is used, which indicates that Msg3 PUSCH repetition is not supported. Based on this solution, gNB needs to always configure a new TDRA table in the SIB1 in order to support the Msg3 PUSCH repetition. Further, given that a separate indication of the number of repetition factor for Msg3 initial transmissions is configured in the new TDRA table, which may not be desirable in terms of flexibility of the time domain indication for Msg3 transmission, especially when considering that some of the rows may not be needed for Msg3 PUSCH coverage enhancement. 
Note that for UEs in a coverage enhanced condition, some of the states for the information field in RAR UL grant may not be needed. More specifically, it is expected that lower modulation order and coding rate is utilized for the transmission of Msg3 PUSCH so as to improve the coverage. In this case, two bits from MCS may be repurposed to indicate the number of repetitions for Msg3 PUSCH transmission.
Based on the discussions above, considering the tradeoff between potential signalling overhead, scheduling flexibility and specification impact, MCS can be repurposed to indicate the number of repetitions for Msg3 initial transmission. Note that when a UE requests Msg3 PUSCH repetition using separate PRACH resources, gNB may schedule Msg3 PUSCH transmission with or without repetitions depending on scheduler decision. For the latter case, an explicit indication may be included in the repurposed field to indicate that repetition is not applied for the Msg3 PUSCH transmission. More specifically, one codepoint in the repurposed field, i.e., MCS includes no repetition for Msg3 PUSCH. 
Proposal 1
· For indication of the number of repetitions of Msg3 initial transmission, Alt. 2 is supported, i.e., 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values. 
· One codepoint includes no repetition for Msg3 PUSCH. 

Indication of repetition level for Msg3 retransmission
At the RAN1#105-e meeting, the following two options were agreed for down-selection for indication of number of repetitions for Msg3 retransmission [5]:  
· [bookmark: _Hlk81553549]Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option 2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
Table 1 illustrates related fields in DCI format 0_0 with CRC scrambled by TC-RNTI in TS38.212. In the table, HARQ process number is reserved in the DCI format for scheduling Msg3 retransmission. As indicated in the Option 2, it is straightforward to repurpose HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI to indicate the number of repetitions for Msg3 retransmission. 
[bookmark: _Ref69912285]Table 1. Related fields in DCI format 0_0 with CRC scrambled by TC-RNTI
	-	Time domain resource assignment – 4 bits as defined in Clause 6.1.2.1 of [6, TS 38.214]
-	Frequency hopping flag – 1 bit according to Table 7.3.1.1.1-3, as defined in Clause 6.3 of [6, TS 38.214]
-	Modulation and coding scheme – 5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]
-	New data indicator – 1 bit, reserved
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits, reserved
-	TPC command for scheduled PUSCH – 2 bits as defined in Clause 7.1.1 of [5, TS 38.213] 
-	Padding bits, if required.



Similar to repetition factor indication for Msg3 initial transmission, TDRA based solution with introducing a new TDRA table which includes the number of repetitions can be considered for Option 1. As mentioned above, TDRA based solutions may not be preferred due to the configuration and scheduling restriction. Hence, in our view, HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI is repurposed to indicate the number of repetitions for Msg3 retransmission.
Proposal 2
· HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI is repurposed to indicate the number of repetitions for Msg3 retransmission. 

PRACH resource partitioning of request of Msg3 repetition 
At the RAN1#105-e meeting, it was agreed that separate preambles with shared ROs can be configured to request Msg3 PUSCH repetition [5]. Further, it is FFS whether Option 2 or Option 3 can be additionally supported for requesting Msg3 PUSCH repetition. 
When number of preambles associated with an SSB is limited in the network, separate ROs can be configured for enhanced UEs, which can help in minimizing the impact on legacy system due to congestions on PRACH resources. Further, when separate ROs are configured, different PRACH formats may be configured for enhanced UEs and legacy UEs. For instance, PRACH format 0 may be configured for legacy UEs, while PRACH format 1 may be configured for enhanced UEs that request Msg3 PUSCH repetition. This may help in improving the PRACH detection performance even for cell edge UEs by using PRACH format 1. 
Based on the discussions above, separate ROs can be additionally supported for requesting Msg3 PUSCH repetition. 
Proposal 3
· Separate ROs can be additionally supported for requesting Msg3 PUSCH repetition. 

As agreed in the RAN1#106-e meeting, separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition [6]. When separate preambles with shared ROs are utilized to differentiate enhanced UEs and normal UEs, preambles for requesting Msg3 PUSCH repetition can be allocated after CBRA 4-step RACH and 2-step RACH, if configured, associated with a same SSB index. 
Figure 2 illustrates one example of PRACH preamble resource partitioning for normal UEs and enhanced UEs. Note that the number of preambles for requesting MSg3 PUSCH repetition can be configured by SIB1. Further, as PRACH resource partitioning can be also used for other purposes, e.g., network slicing, identification of RedCap UEs, RA-SDT, etc., a unified solution may be preferred to minimize the specification impact.  
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[bookmark: _Ref73624083]Figure 2. PRACH preambles for enhanced UEs that request Msg3 PUSCH repetition
In order to further minimize the impact on the legacy system, when one SSB is associated with more than one ROs, a subset of ROs may be configured and utilized for requesting Msg3 PUSCH repetition, which is similar to what was defined in Rel-16 2-step RACH. In this regard, PRACH mask can be defined to indicate a subset of ROs associated with same SSB index for requesting Msg3 PUSCH repetition.
Proposal 4
· For separate PRACH preambles with shared ROs, 
· A unified design for PRACH resource partitioning for different use cases including coverage enhancement, network slicing, identification of RedCap UEs and RA-SDT is preferred.
· Preambles for requesting of Msg3 PUSCH repetition are allocated after CBRA 4-step RACH and 2-step RACH, if any, for normal UEs.
· PRACH mask is defined to indicate a subset of ROs associated with same SSB index for requesting Msg3 PUSCH repetition. 

Msg3 transmission on the basis of available slots
At the RAN1#106-e meeting, it was agreed the available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, and no other additional Rel-16 signals/signaling will be considered. Further, if a symbol for Msg3 repetition in a slot overlaps with SSB transmission, the slot is determined as not available during the counting of repetitions [6]. 
As Msg3 PUSCH repetition is transmitted based on the available slots, flexible symbols as indicated by tdd-UL-DL-ConfigurationCommon which are not used for SSB transmission can be used for Msg3 PUSCH repetition, which can help reduce the latency of Msg3 transmission. 
Note that as discussed during the RAN1#106-e meeting, several options were mentioned to semi-statically or dynamically indicate whether flexible symbols/slots can be available for the Msg3 PUSCH repetitions. As defined in Rel-15/16, gNB needs to ensure that flexible symbols not for SSB transmission can be available for PUSCH transmission. This mechanism can be straightforwardly reused and extended for Msg3 PUSCH repetition. Given the fact that Msg3 PUSCH repetition is based on repetition type A where same time domain resource allocation in different slots is employed, gNB scheduler can easily make decision to allow flexible symbols/slots to be available for Msg3 PUSCH repetition. 
Further optimization of the additional signalling or indication on whether flexible symbols/slots can be available for the Msg3 PUSCH repetitions may not be desirable as this would increase signalling overhead while the benefit is not clear. Based on the discussions above, additional indication or signalling of availability of flexible symbols/slots is not needed. 
Proposal 5
· Flexible symbols indicated by TDD-UL-DL-Configcommon not for SSB transmission can be used for Msg3 PUSCH repetition. 
· No additional indication is needed. 

At the RAN1#106b-e meeting, it was agreed that Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot [1]. It is FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17. 
Note that for Msg3 PUSCH transmission, gNB may not know whether UEs are in RRC_CONNECTED or RRC_IDLE/INACTIVE mode during RACH procedure. In some cases, e.g., during initial access, UE may not be configured with dedicated RRC parameters including tdd-UL-DL-ConfigurationDedicated. To avoid some misalignment between UE and gNB side, it is more desirable to reuse the existing Rel-15/16 Msg3 PUSCH collision handling rules. Further, no additional rule is needed for transmission of Msg3 PUSCH repetition in an available slot. 
Proposal 6
· Other that Rel-15/16 Msg3 PUSCH collision handling rules, no additional rule is considered for transmission of Msg3 PUSCH repetition in an available slot. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed Msg3 PUSCH repetition for coverage enhancement. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be achieved for Msg3 PUSCH when the repetition level is doubled.
Proposal 1
· For indication of the number of repetitions of Msg3 initial transmission, Alt. 2 is supported, i.e., 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values. 
· One codepoint includes no repetition for Msg3 PUSCH. 
Proposal 2
· HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI is repurposed to indicate the number of repetitions for Msg3 retransmission. 
Proposal 3
· Separate ROs can be additionally supported for requesting Msg3 PUSCH repetition. 
Proposal 4
· For separate PRACH preambles with shared ROs, 
· A unified design for PRACH resource partitioning for different use cases including coverage enhancement, network slicing, identification of RedCap UEs and RA-SDT is preferred.
· Preambles for requesting of Msg3 PUSCH repetition are allocated after CBRA 4-step RACH and 2-step RACH, if any, for normal UEs.
· PRACH mask is defined to indicate a subset of ROs associated with same SSB index for requesting Msg3 PUSCH repetition. 
Proposal 5
· Flexible symbols indicated by TDD-UL-DL-Configcommon not for SSB transmission can be used for Msg3 PUSCH repetition. 
· No additional indication is needed. 
Proposal 6
· Other that Rel-15/16 Msg3 PUSCH collision handling rules, no additional rule is considered for transmission of Msg3 PUSCH repetition in an available slot. 
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