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At the RAN1#104-e meeting, the following agreements were made regarding Msg3 PUSCH repetition [1]:
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. 
In the contribution, we discuss Msg3 PUSCH repetition for coverage enhancement. Our views on solutions for PUSCH coverage enhancements are described in our companion contributions [2] and [3], 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#104e meeting, three options were agreed and will be down-selected for the indication of repetition level for Msg3 PUSCH initial transmission [1]:
· Option 1: UL grant scheduling Msg3.
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· Option 3: SIB1 only
For Option 2, given that RARs for multiple UEs are multiplexed in a PDSCH, if repetition level of Msg3 is indicated in the DCI for scheduling Msg2, this implies that all the scheduled UEs, even these UEs with different coverage enhancement level or even UEs without coverage enhancement, would need to apply same number of repetitions for Msg3 PUSCH, which may not be desirable in term of spectrum efficiency. On the other hand, if the UEs with same coverage enhancement level are scheduled in the same Msg2, this would pose certain restriction on gNB scheduler. The same issue may also apply for Option 3 as for this option, same number of repetitions would be applied for the Msg3 PUSCH repetitions. 
Based on the discussions above, to enable Msg3 PUSCH repetition, it is straightforward to consider Option 1 to indicate the repetition level in the UL grant for scheduling Msg3. Note that this may be applied for both RAR and fallbackRAR UL grant. In order to ensure backward compatibility, some fields in the UL grant may be repurposed to indicate the repetition level of Msg3 transmission. One solution is to truncate the number of bits for frequency domain resource allocation for Msg3 PUSCH, which can be used to indicate the number of repetitions for Msg3 PUSCH. 
Proposal 1
· For indication of the number of repetitions for Msg3 initial transmission, Option 1 is supported. 

Similar issue was discussed for indication of the number of repetitions for Msg3 retransmission, where two options were agreed and will be down-selected [1]:
· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
· Option2: Can be determined based on the repetition number for Msg3 initial transmission
For Option 2, same number of repetitions is applied for Msg3 initial transmission and retransmission. This mechanism may not be desirable when considering the possibility of dynamic change of the number of repetitions. For instance, in order to decode the Msg3, gNB may perform soft-combining for initial transmission and retransmission. In this regard, by allowing dynamic change of the number of repetitions between Msg3 initial transmission and retransmission, the number of repetitions for Msg3 retransmission may be reduced compared to that for the initial transmission.
Hence, in our view, for indication of the number of repetitions for Msg3 retransmission, Option 1 is supported. Further, the number of repetitions can be explicitly indicated in the DCI format 0_0 with CRC scrambled by TC-RNTI. Given that HARQ process number and NDI fields are reserved in the DCI format 0_0 with CRC scrambled by TC-RNTI, these two fields may be repurposed to indicate the number of repetitions for Msg3 retransmission. 
Proposal 2
· For indication of the number of repetitions for Msg3 retransmission, Option 1 is supported.

On triggering of Msg3 PUSCH repetition 
At the RAN1#104e meeting, 4 options were agreed and will be down-selected for triggering of Msg3 PUSCH repetition [1]. Among these 4 options, Option 1-1 and Option 2-1 are based on PRACH resource partitioning to differentiate the enhanced UE with Msg3 PUSCH repetition and normal or legacy UE, while for Option 1-2 and Option 2-2, gNB may need to perform blind decoding using separate Msg3 DMRS configuration or UCI multiplexing on Msg3 PUSCH for identification of Msg3 PUSCH repetition. 
For Option 1-2 and Option 2-2, even when gNB indicates the number of repetitions in UL grant, UE may only Msg3 PUSCH without repetition depending on whether UE supports Msg3 PUSCH repetition or UE is in coverage enhanced condition. Considering practical processing time on Msg3 PUSCH decoding, gNB may not dynamically allocate unused resources to other UEs, which would result in undesirable resource waste in the system. 
Figure 2 illustrates potential uplink resource waste for Option 1-2 and Option 2-2. In the figure, assuming 4 slots are indicated by gNB for Msg3 PUSCH repetition, if UE does not support repetition, UE only transmits Msg3 PUSCH in the first slot. In this case, subsequent 3 slots may not be used for transmission of other uplink channels/signals. Given the fact that most UEs in the network do not need the Msg3 PUSCH repetition, this indicates that the resource waste would introduce substantial system level spectrum efficiency loss. 
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[bookmark: _Ref66631844]Figure 2. Uplink resource waste for Option 1-2 and Option 2-2

On the contrary, for Option 1-1 and Option 2-1, either separate PRACH occasions or shared PRACH occasions with separate PRACH preambles may be configured to differentiate the enhanced UE and legacy UE. After successful detection of PRACH preambles in the configured resources, gNB may indicate the repetition factor for Msg3 PUSCH transmission for enhanced UEs, but not normal UEs, which would reduce resource waste and improve spectrum efficiency. 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.
Note that Option 1-1 implies that regardless of UE current coverage condition during initial access, UE would apply Msg3 PUSCH repetition as long as UE supports Msg3 PUSCH repetition. This option, however, is not desirable as for cell center UEs who have good channel conditions, Msg3 PUSCH repetition is certainly not needed. For Option 2-1, Msg3 PUSCH repetition can be triggered only for these UEs who support Msg3 PUSCH repetition and meanwhile need coverage enhancement, which can efficiently utilize the uplink resource whenever necessary.   
Based on the discussions above, considering the benefit of lower gNB receiver complexity and efficient usage of uplink resource, Option 2-1 should be supported for triggering of Msg3 PUSCH repetition. Further, as mentioned above, SS-RSRP threshold may be defined to only allow cell edge UEs with poor channel condition to trigger Msg3 PUSCH repetition, which can help further reduce resource waste and improve spectrum efficiency.   
Proposal 3
· For triggering of Msg3 PUSCH repetition, Option 2-1 is supported. 
· SS-RSRP threshold is defined for UE to trigger 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 [1]. 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 is 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.

For Msg3 PUSCH repetitions, coverage enhancement techniques that are applied for normal PUSCH transmission can also be considered. Similar to the enhancement on PUSCH repetition type A, PUSCH repetition can be transmitted on the basis of available UL slots, which can ensure the coverage performance for PUSCH with repetition type A. Similar mechanism can be applied for Msg3 PUSCH repetition. 
More specifically, Msg3 PUSCH is only transmitted in a slot where the number of available symbols is greater than or equal to indicated number of symbols. Further, in case of cancellation due to collision with semi-static configured DL symbols, SSB transmissions, CORESET0 with Type0-PDCCH CSS set and invalid UL symbols, UE would postpone the Msg3 PUSCH repetition until the number of repetitions is reached.
Proposal 5
· Msg3 PUSCH repetition is transmitted on the basis of available UL slots.

[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, Option 1 is supported. 
Proposal 2
· For indication of the number of repetitions for Msg3 retransmission, Option 1 is supported.
Proposal 3
· For triggering of Msg3 PUSCH repetition, Option 2-1 is supported. 
· SS-RSRP threshold is defined for UE to trigger Msg3 PUSCH repetition.
Proposal 4
· Intra-slot frequency hopping is supported for Msg3 PUSCH repetition. 
Proposal 5
· Msg3 PUSCH repetition is transmitted on the basis of available UL slots.
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