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In RAN1#103-e meeting, the SI on NR coverage enhancement was closed and a new WI was agreed in [1] in RAN#90-e meeting. One of the objectives of this WI is 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
Further, in RAN1#104-e meeting, it was agreed that:
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.
In this contribution, we discuss our views on the Msg3 coverage enhancement aspects, including indication of repetition factor (for initial and retransmission of Msg3), indication of frequency hopping type, and indication of UE capability in Msg3 repetitions.
Msg3 Coverage Enhancement
Indication to Support of Msg3 Repetition
In RAN1#104e, there was discussions on whether/how UE to indicate/request repetition factor for Msg3 PUSCH transmission. Indeed, an agreement was made where couple of options listed with the aim that RAN1 would down-select in this e-meeting. In our view, the most straightforward way for a UE to indicate it is capable to support of Msg3 with repetitions, is via PRACH transmission on resources (PRACH occasion and/or PRACH preamble) that are specifically assigned for the purpose of such indication. The PRACH resource chosen by UE does not necessarily indicate the required number of Msg3 PUSCH repetitions, as such level of indication requires further PRACH resource orthogonalization which is not desired. In addition, given that the UE is in coverage limited scenario, any indication from UE on the required number of repetitions is not much reliable. We should also note that, the specification impact will be more if a UE requests a given number of repetitions for Msg3 transmission, as in that case the questions will be whether gNB follows UE’s request or gNB may indicate a different number of Msg3 repetitions. The former case, even if we agree request from UE is precise, it is limiting the scheduling flexibility. Thus, in our view a simple indication to support Msg3 repetition is sufficient. Next, it will be up to gNB to indicate the proper number of Msg3 repetition factor, if any repetition is needed. 

Proposal 1: For Msg3 repetition, support Option 1-1, i.e.:
· A UE indicates to support of Msg3 repetition via specific PRACH resources. For such a UE,
· gNB decides on the number of Msg3 repetitions.  

Note that the above proposal is applicable to both Msg3 initial transmission and Msg3 retransmission.

Indication of Msg3 Repetition Factor
For indication of number of repetitions for Msg3 initial transmission, an agreement was made in 104e, based on that RAN1 should down select in this meeting one option from three options that are briefly given below:
· Option 1: through UL RAR grant (or UL fallbackRAR grant) 
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI
· Option3: SIB1 only
In our view, a combination of all the above options is indeed required to properly indicate the repetition factor for Msg3 initial transmission. For instance, first a set of repetition numbers are defined in SIB1. Next, for a UE that indicated to be capable of Msg3 repetitions, as discussed earlier, gNB signals the repetition factor by repurposing some of the existing bits in UL RAR grant. Such bits are mapped to a repetition number in the set defined by SIB1. An example of the procedure is given here, where the set of repetition numbers S = {1, 2, 4, 8} is defined by SIB1. Next, two out of 4 bits for MCS indication can be repurposed to indicate one of repetition factors from the set S, say R = 4 by the codepoint `10`. 
In this specific procedure, only two bits for MCS indication for a Msg3 initial transmission is left, which should be enough given that for a coverage limited UE some of the MCS indices will not be indicated/selected anyway. One missing part in this design procedure is how to indicate the UE whether or not a new interpretation of the bit fields in UL RAR grant is needed. This indication can be achieved, for example using the single reserved bit in Msg2 (or MsgB in case of fallbackRAR) or using a single reserved bit in DCI 1_0 with CRC scrambled by RA-RNTI.

Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using
· SIB1 indicating S, a set of repetitions factors, and 
· a reserved bit in DCI 1_0 to indicate repurposing some of the bit fields in RAR UL grant, 
where e.g., 2 out of 4 bits in MCS bit field can be mapped to a repetition factor R, in the set S. 

Similarly, to indicate number of repetitions for Msg3 retransmission, some of the reserved bits in DCI 0_0 with CRC scrambled by TC-RNTI, e.g., HPN bit field, can be mapped to one of values in a set of repetition factors defined by SIB1. 
Proposal 3: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using SIB1 indicating S, a set of repetitions factors, and some of the reserved bit in DCI 0_0 to be mapped to a repetition factor R, in the set S. 


Procedure of Frequency Hopping Mode Indication
In the coverage enhancement study, Msg3 PUSCH repetition with the inter-slot hopping was studied. As it was shown in [2][3], there is about 3.8dB SNR gain with two repetitions and inter-slot hopping comparing with no repetition and no intra-slot hopping. In current specification, there is a single bit frequency hopping flag in UL RAR grant (or UL fallbackRAR grant) that indicates whether or not intra-slot FH is enabled for Msg3 PUSCH initial transmission. Similarly, for Msg3 retransmission, intra-slot FH is indicated by a frequency hopping flag in DCI 0_0 that schedules Msg3 retransmission. Now in Rel-17 and with Msg3 transmission with repetitions, some signaling is required to indicate the frequency hopping mode, e.g., inter vs intra-slot FH, across different repetitions. 
For initial Msg3 transmission with repetitions, the indication of frequency hopping mode can be done through some of the unused bits in DCI 1_0, with CRC scrambled by RA-RNTI. Although, given that there is already a FH flag in UL RAR grant, having further bits in DCI to indicate the FH mode is a sub-optimal design. Alternatively, for a UE supporting Msg3 PUSCH with repetitions, FH mode can be indicated by SIB. While such indication by SIB does not need to use more bits in DCI, or to repurpose more bits in UL RAR grant, but it lacks the flexibility to dynamically indicate the FH mode. A middle ground design could be to assume a FH is always enabled for a UE with Msg3 transmission with repetitions. Then the existing FH flag in UL RAR grant, or in DCI 0_0 scheduling Msg3 retransmission, will simply indicate the FH mode, e.g., 0/1 as inter/intra slot frequency hopping.
Proposal 4: FH is always enabled for a UE with Msg3 transmission with repetitions. 
· For Msg3 initial transmission, the single bit for FH flag in RAR UL grant (or fallbackRAR) is repurposed to indicate the FH mode.
· For Msg3 retransmission, the single bit for FH flag in DCI 0_0 is repurposed to indicate the FH mode.

Conclusions
In this contribution, we discuss the Msg3 PUSCH coverage enhancement and have the following proposals:
Proposal 1: For Msg3 repetition, support Option 1-1, i.e.:
· A UE indicates to support of Msg3 repetition via specific PRACH resources. For such a UE,
· gNB decides on the number of Msg3 repetitions.  

Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using
· SIB1 indicating S, a set of repetitions factors, and 
· a reserved bit in DCI 1_0 to indicate repurposing some of the bit fields in RAR UL grant, 
where e.g., 2 out of 4 bits in MCS bit field can be mapped to a repetition factor R, in the set S. 

Proposal 3: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using SIB1 indicating S, a set of repetitions factors, and some of the reserved bit in DCI 0_0 to be mapped to a repetition factor R, in the set S. 

Proposal 4: FH is always enabled for a UE with Msg3 transmission with repetitions. 
· For Msg3 initial transmission, the single bit for FH flag in RAR UL grant (or fallbackRAR) is repurposed to indicate the FH mode.
· For Msg3 retransmission, the single bit for FH flag in DCI 0_0 is repurposed to indicate the FH mode.
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