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At the RAN1#105-e meeting, the following agreements and working assumptions were made regarding Msg3 PUSCH repetition [1]:
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)
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#105-e meeting, several options were agreed for down-selection for indication of repetition factor for Msg3 initial transmission, which includes TDRA field with introducing a new TDRA table, MCS, TPC, CSI and FDRA information fields in the RAR UL grant [1]. Table 1 illustrates the UL grant content in RAR in TS38.213. Note that when indicating the number of repetitions for Msg3 initial transmission in RAR UL grant, the size of RAR needs to remain unchanged in order to ensure backward compatibility. 
[bookmark: _Ref69912315]Table 1. Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access 
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



Among these options, for TDRA based solution, a new table needs to be introduced, which carries the information regarding the number of repetitions for Msg3 PUSCH. Further, the new TDRA table may be configured by SIB, where each row of the table includes the k2, mapping type, SLIV and number of repetitions for Msg3 PUSCH transmission. If not configured by the network, a new default table may need to be defined, similar to the default table in TS38.213. Note that if the new TDRA table is configured by SIB, substantial signalling overhead is expected. Similarly, when the new default table is introduced, significant specification effort is needed.  
Given the fact that for UEs in a coverage enhanced condition, some of the states for the information field in RAR UL grant may not be needed. For instance, 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, one or two bits from MCS may be repurposed to indicate the number of repetitions for Msg3 PUSCH transmission.
Similarly, as coverage enhancement is mainly targeted for operation without shared spectrum channel access, or unlicensed spectrum, similar mechanism as defined for NR-U can be extended to indicate the number of repetitions for Msg3 PUSCH. In particular, the number of bits for frequency domain resource allocation for Msg3 PUSCH can be truncated and channel access type and CP extension field or ChannelAccess-CPext may be replaced by the number of repetitions for Msg3 initial transmission. 
Based on the discussions above, considering the potential signalling overhead and specification impact, MCS or FDRA 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 or FDRA includes no repetition for Msg3 PUSCH. 
Proposal 1
· For Msg3 initial transmission, MCS or FDRA can be repurposed to indicate the number of repetitions. 
· One codepoint includes no repetition for Msg3 PUSCH. 

Indication of repetition level for Msg3 retransmission
At the RAN1#105-e meeting, two following options were agreed for down-selection for indication of number of repetitions for Msg3 retransmission [1]:  
· 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.  
Table 2 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 2. 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 potential signalling overhead and specification impact. 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 [1]. 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 minimize 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 who 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. 

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. 
[image: ]
[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, 
· 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. 

Frequency hopping for Msg3 PUSCH repetition
As agreed in the RAN1#104e meeting, inter-slot frequency hopping is supported for Msg3 PUSCH repetition [5]. Note that in Rel-15, both intra-slot and inter-slot frequency hopping are supported in case of repetition for PUSCH transmission. Further, intra-slot and inter-slot frequency hopping cannot be enabled simultaneously. 
For Msg3 PUSCH repetition, intra-slot frequency hopping needs to be supported, which can help in achieving better coexistence between legacy UEs and enhanced UEs who support Msg3 PUSCH repetition. As shown in Figure 3, when intra-slot frequency hopping is applied for the Msg3 PUSCH repetition, frequency resource for Msg3 transmission for legacy UEs can be allocated in an opposite direction from that allocated for enhanced UEs with Msg3 PUSCH repetition, which can largely avoid resource segmentation and thereby improve spectrum efficiency. 
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[bookmark: _Ref66266533]Figure 3. Intra-slot frequency hopping for Msg3 PUSCH repetition

When both intra-slot and inter-slot frequency hopping are supported for Msg3 PUSCH repetition, one of the frequency hopping mechanisms can be configured by higher layers via SIB1. Further, for Msg3 initial transmission and retransmission, frequency hopping flag in the RAR UL grant and DCI format 0_0 can be used to enable frequency hopping, i.e., to perform either intra-slot or inter-slot frequency hopping based on the SIB1 configuration. 

Proposal 5
· Intra-slot frequency hopping is supported for Msg3 PUSCH repetition.

Msg3 transmission on the basis of available slots
At the RAN1#105-e meeting, it was agreed that determination of available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon and does not depend on dynamic SFI, UL CI and dedicated TDD configuration. Further, UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 PUSCH repetition [1]. 
For Msg3 transmission on the basis of available slots, similar mechanism as defined for enhancement on PUSCH repetition type A may be considered. As described in our companion contribution [2], determination of available UL slots for PUSCH repetition type A should only depend on RRC configurations and not depend on dynamic signalling. In addition, symbols not intended for UL transmissions for RRC configurations include semi-static configured DL symbols, SSB transmissions, CORESET0 with Type0-PDCCH CSS set and invalid UL symbols. 
Following the same design principle, for Msg3 transmission on the basis of available UL slots, determination of available UL slots depends on semi-static TDD UL/DL configuration. In particular, symbols not intended for UL transmissions for RRC configurations include semi-static configured DL symbols, SSB transmissions and CORESET0 with Type0-PDCCH CSS set. In our view, flexible symbols indicated by TDD-UL-DL-Configcommon not for SSB transmission and CORESET0 with Type0-PDCCH CSS set can be used for Msg3 PUSCH repetition, which can help increase number of actual transmissions for Msg3 PUSCH repetition and hence further improve the coverage for Msg3. 
Proposal 6
· For Msg3 transmission on the basis of available UL slots,
· Flexible symbols indicated by TDD-UL-DL-Configcommon not for SSB transmission and CORESET0 with Type0-PDCCH CSS set can be used for Msg3 PUSCH repetition. 

[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 Msg3 initial transmission, MCS or FDRA can be repurposed to indicate the number of repetitions. 
· 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, 
· 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
· Intra-slot frequency hopping is supported for Msg3 PUSCH repetition.
Proposal 6
· For Msg3 transmission on the basis of available UL slots,. 
· Flexible symbols indicated by TDD-UL-DL-Configcommon not for SSB transmission and CORESET0 with Type0-PDCCH CSS set can be used for Msg3 PUSCH repetition. 
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