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At the RAN1#104b-e meeting, the following agreements and working assumptions were made regarding Msg3 PUSCH repetition [1]:
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.
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 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
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#104b-e meeting, it was agreed that for indication of the number of repetitions for Msg3 initial transmission, Option 1, i.e., using UL grant scheduling Msg3 is adopted [1]. When using RAR UL grant to indicate the number of repetitions for Msg3 initial transmission, the size of RAR needs to remain unchanged in order to ensure backward compatibility. Towards this design principle, some fields in the UL grant may be repurposed or truncated to indicate the repetition level of Msg3 initial transmission. 
Table 1 illustrates the UL grant content in RAR in TS38.213. Given the fact that 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. 
[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



Proposal 1
· For indication of the number of repetitions for Msg3 initial transmission, number of bits for frequency domain resource allocation in RAR UL grant is truncated and ChannelAccess-CPext can be replaced by the number of repetitions for Msg3 initial transmission. 

Further, it was agreed at the RAN1#104b-e meeting that 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 [1]. Note that the number of repetitions can be explicitly indicated in the DCI format 0_0 with CRC scrambled by TC-RNTI to enable dynamic change of the repetition level for Msg3 retransmission.  
Table 2 illustrates related fields in DCI format 0_0 with CRC scrambled by TC-RNTI in TS38.212. In the table, both HARQ process number and New data indicator are reserved in the DCI format for scheduling Msg3 retransmission. In this case, one straightforward approach is 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.



Proposal 2
· HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI can be repurposed to indicate the number of repetitions for Msg3 retransmission. 

On triggering of Msg3 PUSCH repetition 
At the RAN1#104b-e meeting, it was agreed that a UE can request Msg3 PUSCH repetition via separate PRACH resources. Further, if Msg3 PUSCH repetition is requested 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 [1]. In our view, either separate PRACH occasions or shared PRACH occasions with separate PRACH preambles may be configured to differentiate the enhanced UE and legacy UE, as shown in Figure 2. After successful detection of PRACH preambles in the configured resources, gNB may indicate the repetition factor for Msg3 PUSCH transmission. 
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Figure 2. PRACH resource partitioning for differentiation of enhanced and legacy UEs
Note that this mechanism may provide flexibility on the configuration of PRACH resources. More specifically, in case 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. On the contrary, when the number of UEs in coverage enhanced mode is relatively small, gNB may configure a limited number of PRACH preamble in shared ROs for request of Msg3 repetitions so as to minimize the impact to legacy system. 
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. 
In order to reduce resource waste and improve spectrum efficiency, SS-RSRP threshold may be defined to only allow cell edge UEs with poor channel condition to request Msg3 PUSCH repetition. In this case, when measured SS-RSRP is less than the configured SS-RSRP threshold, UE can request Msg3 PUSCH repetition using separate PRACH resources. 
Proposal 3
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate enhanced UEs and legacy UEs. 
· SS-RSRP threshold is defined for UEs to request Msg3 repetitions.

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 4
· Intra-slot frequency hopping is supported for Msg3 PUSCH repetition.

Msg3 transmission on the basis of available slots
At the RAN1#104b-e meeting, it was agreed as working assumption that the number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3 [1]. This can help ensure the coverage performance for Msg3 PUSCH, especially in the TDD system. 
For Msg3 transmission on the basis of available slots, mechanism as defined for enhancement on PUSCH repetition type A may be extended. 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. 
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 and SSB transmissions. 
Proposal 5
· For Msg3 transmission on the basis of available UL slots, determination of available UL slots depends on semi-static TDD UL/DL configuration. 
· Symbols not intended for UL transmissions for RRC configurations include semi-static configured DL symbols and SSB transmissions. 

[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 for Msg3 initial transmission, number of bits for frequency domain resource allocation in RAR UL grant is truncated and ChannelAccess-CPext can be replaced by the number of repetitions for Msg3 initial transmission. 
Proposal 2
· HARQ process number in the DCI format 0_0 with CRC scrambled by TC-RNTI can be repurposed to indicate the number of repetitions for Msg3 retransmission. 
Proposal 3
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate enhanced UEs and legacy UEs. 
· SS-RSRP threshold is defined for UEs to request Msg3 repetitions.
Proposal 4
· Intra-slot frequency hopping is supported for Msg3 PUSCH repetition.
Proposal 5
· For Msg3 transmission on the basis of available UL slots, determination of available UL slots depends on semi-static TDD UL/DL configuration. 
· Symbols not intended for UL transmissions for RRC configurations include semi-static configured DL symbols and SSB transmissions. 
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