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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104bis e-meeting, following agreements reached on Msg3 PUSCH repetition. Msg1 transmission with UE requesting for Msg3 PUSCH repetition is adopted as the triggering mechanism of Msg3 PUSCH enhancement. The number of repetitions during Msg3 PUSCH initial transmission and retransmission is indicated dynamically via RAR UL grant and DCI format 0_0 scrambled with TC-RNTI respectively.
	RAN1#104bis-e chairman’s notes [1]:
Agreements: For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested triggered by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.
Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  
Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.
Agreements: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 
Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.



In this contribution, we will discuss the details of the mechanism of UE requesting Msg3 PUSCH repetition, including the UE requesting conditions and the configuration of the separate PRACH resources. We will also share our views on the indication design of Msg3 PUSCH repetition initial and re- transmission, and the method for determination of the available UL slots.
2. Discussion
1. 
2. 
2.1. Conditions of requesting Msg3 PUSCH repetition
In the last meeting, the mechanism of UE requesting for Msg3 PUSCH repetition is adopted which can minimize the impacts to the RACH performance of Rel-15/16 UEs. Msg3 PUSCH repetition is designed to enhance the performance of Msg3 transmission for UEs in the poor coverage scenarios, such as the cell edge or areas in deep fading. Rel-17 CE UE shall detect the channel conditions of available signals (e.g. SSB) before sending Msg3 request.
In Rel-15/16 networks, legacy UE determines Msg1 parameters according to SS-RSRP in the 4-step random access procedure. Rel-15/16 UE selects a PRACH preamble randomly among the PRACH preambles associated with certain SSB which is selected according to SS-RSRP measurement. Besides, SS-RSRP is also used to determine whether a 2-step or 4-step RA type should be initiated. Similarly, for Rel-17 CE UEs, it is reasonable to adopt SS-RSRP as a reference of the current channel condition. Msg3 PUSCH repetition can be requested if SS-RSRP is under certain threshold, and the threshold could be configured by gNB which could be lower than rsrp-ThresholdSSB. For example, a new threshold, such as rsrp-ThresholdSSB-Msg3Repetition, can be configured in system information. If SS-RSRP measurements of all SSBs are lower than rsrp-ThresholdSSB-Msg3Repetition, Rel-17 CE UE sends PRACH requesting for Msg3 PUSCH repetition with the maximum transmit power using separate PRACH resources associated a selected SSB. The selected SSB can be based on the predefined criterion, such as SSB with the largest SS-RSRP measurement.
Rel-15/16 UE in poor coverage is more likely to fail to transmit Msg1 or Msg3 even using the maximum transmit power, and completes RACH procedure unsuccessfully after preambleTransMax attempts. Besides, RACH access delay also has impacts on service qualities, e.g. for handover use cases. The RACH procedure may be unsuccessful due to collision with other UEs in CBRA. To reduce the access delay as much as possible, UE requesting Msg3 PUSCH repetition can be allowed, even if SS-RSRP is still higher than the configured threshold. Hence, Msg3 PUSCH repetition shall be requested when Rel-17 CE UE has failed for N RACH attempts, where N can also be provided by higher layer signalling.
Proposal 1: Following conditions are considered for Rel-17 CE UE to request for Msg3 PUSCH repetition
· RSRP/pathloss measured on all SSBs are lower than certain threshold, or
· UE has failed for N RACH attempts in this RACH procedure.

2.2. Configuration of separate PRACH resources for Msg3 PUSCH repetition
As described in the UE requested Msg3 PUSCH repetition mechanism, Rel-17 CE UE sends Msg1 via separate PRACH resources to request Msg3 enhancement. The separate PRACH resources could be configured from the PRACH preambles in shared RACH occasions or in separate RACH occasions, similar as PRACH resource separation of 2-step RACH configuration. 
If the separate PRACH preambles in the shared Rel-15/16 4-step or 2-step PRACH RO are used, PRACH preambles for Msg3 PUSCH repetition should not influence the mapping criterion of Rel-15/16 4-step and 2-step CBRA preambles. Considering that Msg3 PUSCH repetition procedure is used in contention based random access, PRACH preambles for Msg3 PUSCH repetition should be mapped after legacy 4-step CBRA preambles and 2-step CBRA preambles if configured. Rel-17 CE UE can differentiate desired Msg2 scheduling for Msg3 PUSCH repetition according RAPID carried in Msg2.
In Rel-16, the preamble indices for 4-step RACH and 2-step RACH sharing RO, can be derived based on higher layer configuration. In shared RO configuration, R consecutive preambles with lower indices are allocated for 4-step RACH first. Then, following Q preambles are indices for 2-step RACH CBRA subsequently after those for 4-step RACH. If the preambles for Msg3 PUSCH repetitions are allocated in the RACH occasion shared with that for 4-step RACH and/or 2-step RACH, the preamble indices should be located subsequently after 4-step and 2-step CBRA preambles, as shown in Fig1.


Fig1. PRACH preamble separation in the case of shared RO with 4-step RACH, 2-step RACH and RACH procedure with Msg3 PUSCH repetition.
If the separate ROs are configured for RACH procedure with Msg3 PUSCH repetition, the same preambles can be used for legacy 4-step RACH and RACH procedure with Msg3 PUSCH repetition. For example, the separate ROs for Msg3 PUSCH repetition can be FDMed with ROs for legacy 4-step RACH. In this case, RAR responding to PRACH using separate RACH occasions may use a same RA-RNTI and RAPID as Msg1 in the legacy 4-step RACH occasions, both Rel-17 CE UEs and legacy 4-step RACH UEs cannot distinguish whether the RAR is in response to the preamble detected from legacy 4-step RACH RO or the preamble for the separated RO requesting for Msg3 PUSCH repetition. Hence, a new RNTI computation is needed, if ROs associated with Msg3 PUSCH repetition are separately configured. Note that, the separate RNTI computation, i.e. MSGB-RNTI, has been introduced for 2-step RACH for the case that separate ROs are configured for 2-step RACH.
[bookmark: _Hlk71388720]Proposal 2: If separate PRACH preambles with shared 4-step or 2-step PRACH RO are used, PRACH preambles should be mapped after 4-step CBRA preambles and 2-step CBRA preambles if configured without impacting the mapping criterion of 4-step and 2-step CBRA preambles.
Proposal 3: If separate ROs are used, a new RNTI computation method is necessary.

2.3. Indication of Msg3 PUSCH repetition
According to the discussion in the last meeting, repetition number, redundancy version and frequency hopping indication should be determined before Msg3 PUSCH initial and re- transmission. 
For Msg3 PUSCH initial transmission, the same RAR UL grant format can be reused as in Rel-16 to minimize the specification impact. RV 0 has been determined to be used for the first repetition of Msg3 PUSCH repetition and the RV sequence can be predefined or configured as a cell-specific parameter for the ease of system implementation. Inter-slot frequency hopping has been agreed to be supported in Msg3 PUSCH repetition. If intra-slot frequency hopping is adopted in Msg3 PUSCH repetition, the reserved bit field, CSI request, can be used to indicate the frequency hopping type. Similar as the TDRA table in Rel-16, which includes the repetition number of PUSCH repetition Type A configured by higher layer information, the time domain resources for Msg3 PUSCH repetition can be derived by different interpretation of UL grant via a separate TDRA table configured by system information, rather than changing UL grant format in RAR. Hence, new RAR UL grant format to support Msg3 repetition can be avoided.
[bookmark: _Hlk68562509]Proposal 4: For indication of Msg3 PUSCH repetition initial transmission, UL grant format in RAR UL grant should not be changed.
Proposal 5: The repetition number can be indicated in a separate TDRA table, which is configured by system information.
Since separate PRACH resources are used to trigger RACH procedure with Msg3 repetition, gNB can provide separate RAR MAC SubPDUs for different PRACH preambles detected or different ROs. Rel-17 CE UEs which have triggered Msg3 repetition can interpret RAR UL grants according to the corresponding RNTI or RAPID. For Msg3 repetition triggered through separate preambles, RAPID, which is associated with the preamble UE transmitted, is delivered together with the UL grant in RAR MAC SubPDU. If the RAPID, corresponding to the preamble Rel-17 CE UE transmitted for triggering Msg3 PUSCH repetition, is detected in a RAR MAC SubPDU, Rel-17 CE UE interprets the UL grant using the new TDRA table. Similarly, for Msg3 repetition triggered through separate ROs, UE monitors RAR using separate RNTIs. If detected, Rel-17 CE UE interprets the UL grant using the new TDRA table.
Proposal 6: UE determines how to interpret the TDRA based on RAPID in the MAC SubPDU or RNTI.
· If RAPID or RNTI is associated RACH procedure with Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· Otherwise, the default TDRA table in Rel-16 is used.
Msg3 retransmission is scheduled by DCI format 0_0 scrambled with TC-RNTI. For Msg3 repetition, RV id for the first repetition of Msg3 PUSCH re-transmission can be indicated reusing the same bit field of legacy DCI format 0_0. RV sequence can be same as that of the initial transmission. The TDRA table with repetition number indication defined in the initial transmission can be used in the Msg3 retransmission scheduling. Therefore, Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.
Proposal 7: Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.

2.4. Number of PUSCH repetitions for Msg3 enhancement
The target of Msg3 enhancement should be considered which may have impacts on the number of repetitions supported for Msg3 PUSCH. According to the evaluation results summarized in TR 38.830, Msg3 PUSCH is identified as bottleneck channel in some scenarios as illustrated in Table 1. For FR1 bands, Msg3 PUSCH should be enhanced for rural scenario. The performance gaps based on MPL derived from the deployment target metrics are -1.90dB and -0.6dB in rural 4GHz scenario and rural 700MHz scenario respectively. For the relative comparison, MIL performance is 5.86dB and 2.96dB better than those of the worst channel referred to PUSCH for eMBB. For FR2, there is a large performance gap, i.e. -19.57dB, compared to the target coverage range ISD=200m for urban 28GHz scenario, while the relative gap is -3.41dB compared to the reference channel. 
Summarizing the evaluation results of rural 4GHz scenario, the coverage gap is about -0.60~-1.90dB to be compensated in CE SI, targeting to reach the absolute coverage range requirement. The performance gap derived from the deployment dependent target for urban 28GHz scenario is unacceptable for CE SI. The performance gap derived based on the reference channel, -3.41dB, should be adopted as the enhancement target for urban 28GHz scenario.
[bookmark: _Hlk68562560]Observation 1: The enhancement target for Msg3 repetition can be determined based on the outcome of SI
· -0.60 ~ -1.90dB for normal UE in rural 4GHz scenario,
· -3.41dB for normal UE in urban 28GHz scenario.
The number of Msg3 repetition should be determined according to the enhancement target. Figure 2 illustrates the BLER performance of Msg3 transmission with different repetition numbers for rural 4GHz scenario. The detailed simulation parameters are summarized in Table 2. According to the simulation results, the performance gain is 2.79dB and 5.70dB respectively for 2 repetitions and 4 repetitions, which is good enough to compensate the coverage gap for all the scenarios as well as all types of UEs.
[bookmark: _Hlk68562590]Observation 2: the performance gain is 2.79dB and 5.70dB respectively for Msg3 transmission with 2 repetitions and 4 repetitions.
Proposal 8: Msg3 PUSCH repetition should support at least with 4 repetitions.
 
Table 1. Performance gap of Msg3 PUSCH targeted to the desired coverage region
	Scenario
	Scenario dependent target metrics
	MPL
	MIL

	
	
	Representative MPL value
	Gap from deployment dependent target
	Representative MIL value
	Gap from the worst channel

	Rural 4GHz TDD NLOS O2I
	ISD=1732m with BS Tx power of 33dBm/MHz
	129.68
	-1.90
	148.11
	5.86

	Rural 700MHz FDD NLOS O2I
	ISD=4000m
	129.88
	-0.60
	147.50
	2.96

	Urban 28GHz TDD NLOS O2I
	ISD=200m
	103.53
	-19.57
	139.72
	-3.41

	Note1: For FR2 scenarios, the relative difference is calculated by compared to the reference MIL of PUCCH format 1.
Note2: The evaluation of FR2 suburban scenario is also considered in TR 38.830, Msg3 PUSCH is one of the bottleneck channels in FR2 suburban scenario showing the similar coverage gaps as those of FR2 urban scenario. The evaluation results are illustrated in this table because only one company evaluates this scenario. 



[image: ]
Figure 2. BLER performance gain of Msg3 transmission with Type A PUSCH repetition

2.5. Determination of available slots for Msg3 PUSCH repetition
[bookmark: _Hlk71645749]As discussed in AI 8.8.1.1, for determination of the available slots for type A repetition, at least RRC signalling tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated is used to determine the available slots. The parameter tdd-UL-DL-ConfigurationCommon is cell-specific configured via the system information. While the parameter tdd-UL-DL-ConfigurationDedicated is provided only for RRC connected UEs. The flexible symbols configured as ‘flexible’ by tdd-UL-DL-ConfigurationCommon can be reconfigured as ‘downlink’ by tdd-UL-DL-ConfigurationDedicated. Besides, the flexible symbols can also be indicated by DCI for downlink transmission.
For UEs in idle mode, tdd-UL-DL-ConfigurationDedicated and the dynamic signalling cannot be acquired. UE can only determine the number of available slots based on tdd-UL-DL-ConfigurationCommon. Hence, UE cannot make sure the direction of the flexible symbols and the availability of the slot. As shown in Figure 3, some of the slots with semi-static flexible symbols are not actually available for Msg3 repetition, due to overriding by signalling for RRC connected UEs. Collision between DL transmission and Msg3 repetition may occur, if Msg3 repetition is transmitted on these slots.
[bookmark: _Hlk68562620]Observation 3: The flexible symbols, indicated by tdd-UL-DL-ConfigurationCommon, are not always available for Msg3 repetition.
[image: ]
Figure 3. Msg3 PUSCH repetition transmission in TDD networks

New mechanisms for determination the available UL slots for Msg3 PUSCH repetition should be designed. To avoid potential collision with RRC configured transmissions, the explicit SFI indication, similar as DCI format 2_0, via RAR UL grant or DCI format 1_0 scrambled with RA-RNTI or DCI format 0_0 scrambled with TC-RNTI can be used to indicate the SFI of the upcoming slots. The available UL slots for Msg3 PUSCH repetition should contain UL slots configured by tdd-UL-DL-ConfigurationCommon and UL slots indicated by the dynamic signaling. 
Similar to the dynamic SFI obtained in RRC connected, if at least one of the L allocated symbols in a slot are indicated as downlink or flexible, the slot is not available for Msg3 PUSCH repetition.
Proposal 9: The criterion of determination the available UL slots for Msg3 PUSCH repetition should be designed
· The explicit indication, such as using RAR UL grant or DCI format 1_0 scrambled with RA-RNTI or DCI format 0_0 scrambled with TC-RNTI, and
· If at least one of the L allocated symbols in a slot are indicated as downlink or flexible, the slot is not available for type-A PUSCH repetition for Msg3.

2.6. Others
In Rel-15/16 RACH procedure, UE attempts to detect PDSCH with UE contention resolution in response to the Msg3 PUSCH transmission. UE is expected to receive the associated DCI 0_0 scrambled with TC-RNTI while the ra-ContentionResolutionTimer is running. The timer ra-ContentionResolutionTimer is started and restarted at each HARQ retransmission at the first symbol after the end of the Msg3 transmission. 
For Msg3 repetition transmission regarded as a bundled transmission, Msg3 repetitions after the first Msg3 transmission are considered as HARQ retransmission. UE starts ra-ContentionResolutionTimer after the first Msg3 transmission and restart ra-ContentionResolutionTimer after each Msg3 PUSCH repetition, which means the timer is started before the end of Msg3 PUSCH repetition. It is possible that gNB receives and decodes Msg3 PUSCH successfully and sends PDSCH with UE contention resolution before the end of Msg3 repetition. 
According to TS 38.321, when Msg4 is received, UE would stop ra-ContentionResolutionTimer, and the subsequent UE behaviors are summarized as follows.
· Case 1: If Contention Resolution Identity in the MAC CE matches the CCCH SDU
· Consider this Contention Resolution successful;
· Finish the disassembly and demultiplexing of the MAC PDU;
· Consider this Random Access procedure successfully completed;
· Flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.
· Case 2: Otherwise, (Contention Resolution Identity in MAC CE Not matches the CCCH SDU)
· Discard the TEMPORARY_C-RNTI;
· Consider Contention Resolution Not successful and discard the successfully decoded MAC PDU;
· Flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.
[bookmark: _GoBack]For both two cases, UE would not transmit the remaining Msg3 repetitions. For case 1, the RA procedure is successfully completed. And for case 2, UE discard TEMPORARY_C-RNTI, which is used for scrambling for PUSCH for Msg3, thus the remaining Msg3 PUSCH repetitions cannot be transmitted since the HARQ buffer for MAC PDU in the Msg3 buffer are flushed.

Figure 4. Early Contention Resolution for Msg3 PUSCH repetition
Observation 4: If Msg3 PUSCH repetition is introduced without specification change in RAN2
· ra-ContentionResolutionTimer restarts after each Msg3 PUSCH repetitions; and
· UE can receive Msg4 before the end of Msg3 PUSCH repetition; and 
· UE terminates Msg3 PUSCH repetitions if Msg4 is detected before all Msg3 PUSCH repetitions are finished.

3. Conclusion
In this contribution, we discuss the detailed design for Msg3 PUSCH coverage enhancement, and summaries the following observations and proposals: 
Observation 1: The enhancement target for Msg3 repetition can be determined based on the outcome of SI
· -0.60 ~ -1.90dB for normal UE in rural 4GHz scenario,
-3.41dB for normal UE in urban 28GHz scenario.
Observation 2: the performance gain is 2.79dB and 5.70dB respectively for Msg3 transmission with 2 repetitions and 4 repetitions.
Observation 3: The flexible symbols, indicated by tdd-UL-DL-ConfigurationCommon, are not always available for Msg3 repetition.
Observation 4: If Msg3 PUSCH repetition is introduced without specification change in RAN2
· ra-ContentionResolutionTimer restarts after each Msg3 PUSCH repetition; and
· UE can receive Msg4 before the end of Msg3 PUSCH repetition; and 
· UE terminates Msg3 PUSCH repetitions if Msg4 is detected before all Msg3 PUSCH repetitions are finished.

Proposal 1: Following conditions are considered for Rel-17 CE UE to request for Msg3 PUSCH repetition
· RSRP/pathloss measured on all SSBs are lower than certain threshold, or
· UE has failed for N RACH attempts in this RACH procedure.
Proposal 2: If separate PRACH preambles with shared 4-step or 2-step PRACH RO are used, PRACH preambles should be mapped after 4-step CBRA preambles and 2-step CBRA preambles if configured without impacting the mapping criterion of 4-step and 2-step CBRA preambles.
Proposal 3: If separate ROs are used, a new RNTI computation method is necessary.
Proposal 4: For indication of Msg3 PUSCH repetition initial transmission, UL grant format in RAR UL grant should not be changed.
Proposal 5: The repetition number can be indicated in a separate TDRA table, which is configured by system information.
Proposal 6: UE determines how to interpret the TDRA based on RAPID in the MAC SubPDU or RNTI.
· If RAPID or RNTI is associated RACH procedure with Msg3 repetition, the new TDRA table is used to determine the time domain resources;
· Otherwise, the default TDRA table in Rel-16 is used.
Proposal 7: Msg3 PUSCH repetition retransmission can be scheduled without the change of the legacy DCI format 0_0 scrambled with TC-RNTI.
Proposal 8: Msg3 PUSCH repetition should support at least with 4 repetitions.
Proposal 9: The criterion of determination the available UL slots for Msg3 PUSCH repetition should be designed
· The explicit indication, such as using RAR UL grant or DCI format 1_0 scrambled with RA-RNTI or DCI format 0_0 scrambled with TC-RNTI, and
· If at least one of the L allocated symbols in a slot are indicated as downlink or flexible, the slot is not available for type-A PUSCH repetition for Msg3.
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Annex
[bookmark: _Ref40286529]Table 2. Link-level simulation assumptions for Msg3 enhancement
	Parameters
	Value for repetition type A

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T, 2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	TB size
	56 bits

	Modulation
	QPSK

	Slots/Repetitions
	Single transmission, 2 repetitions, and 4 repetitions

	Data allocation
	14 symbols, 2 RB without frequency hopping

	DMRS configuration
	3 DMRS/slot
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