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1. Introduction
At the RAN1#90-e meeting, potential techniques for channels other than PUSCH and PUCCH were discussed based on TR 38.830 and the detailed objectives were captured as follows in the approved WID [1] [2].

	The detailed objectives of the work item are as follows:
Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]




In this contribution, we discuss on the type A PUSCH repetition for msg3 for coverage enhancements. 

2. Discussion on PUSCH repetition for Msg 3
At the RAN#90-e meeting, it was agreed that one of the objectives of this work item is to specify mechanism(s) to support Type A PUSCH repetitions for Msg3. Fig.1 and Fig.2 show link level simulation results for Msg3 PUSCH with different number of repetitions in FR1 and FR2, respectively. As shown in Fig.1 and Fig.2, the link level performance for Msg3 is improved as the number of repetitions increases.

Figure 1. Link level simulation results for Msg3 PUSCH with different number of repetitions in FR1.


Figure 2. Link level simulation results for Msg3 PUSCH with different number of repetitions in FR2.

· Differentiation between enhanced UE and legacy UE
In order to accommodate both legacy UE and enhanced UE which supports Msg3 repetition, a gNB has to be able to distinguish these UEs before sending UL grant for Msg3 transmission. Otherwise, allocated resources for Msg3 repetition may not be used if the resources are allocated to legacy UE. There are three potential approaches to distinguish enhanced UEs from legacy UEs before sending UL grant for Msg3 transmission in RAR.
· Opt.1: Different initial bandwidth parts are assigned for enhanced UEs and legacy UEs
· Opt.2: Different RACH occasions are assigned for enhanced UEs and legacy UEs for Msg1 transmission
· Opt.3: Different PRACH preambles are assigned for enhanced UEs and legacy UEs for Msg1 transmission
Opt.1 requires two initial bandwidth parts for legacy and enhanced UEs, while Opt.2 and Opt.3 can work with one common initial bandwidth part for both UEs. On the other hand, Opt.2 and Opt.3 would limit the RACH capacity for each enhanced UEs and legacy UEs. 

· Indication of the number of repetitions for initial Msg3 transmission
As Msg3 configuration is indicated by RMSI and initial Msg3 transmission is scheduled by UL grant in RAR, the number of repetitions for initial Msg3 transmission needs to be informed by either RMSI or RAR. When higher layer signaling (RMSI) is used to indicate the number of repetitions, all enhanced UEs apply the same number of repetitions for initial Msg3 transmission. This could be waste of resources when some of UEs have good channel quality. For this reason, it is preferred to support the indication of the number of repetitions via RAR payload. In this case, the number of repetitions can be determined based on the received signal quality of Msg1. Also, since current MAC RAR payload has one reserved bit, it may be possible to reuse the bit for the indication without changing the MAC structure.

Proposal 1: RAR payload can explicitly indicate the number of repetitions for initial Msg3 transmission.

· Indication of the number of repetitions for Msg3 re-transmission
Msg3 re-transmission is triggered by DCI format 0_0 with CRC scrambled by TC-RNTI. Therefore, the DCI can be used for the dynamic indication of number of repetitions for Msg3 re-transmission. If the reserve bits of DCI format 0_0 with CRC scrambled by TC-RNTI can be used for this purpose, it is preferred to indicate the number of repetitions via DCI for Msg3 re-transmission. On the other hand, if large impact for the DCI format 0_0 with CRC scrambled by TC-RNTI is expected to indicate the number of Msg3 repetitions, it may be possible to consider other approaches, e.g. using RMSI or reusing the same number of repetition as for the initial Msg3 transmission.

Observation 1: DCI can indicate the number of repetitions for re-transmission dynamically.  Otherwise, using RMSI or reusing the same number of repetitions as for the initial Msg3 transmission can be possible alternatives for the indication of Msg3 repetition for re-transmission.

· Inter-slot frequency hopping
Inter-slot frequency hopping can enhance the coverage performance with Type A PUSCH repetitions. Therefore, it should also be supported for Type A PUSCH repetitions for Msg3. RMSI can indicate whether enhanced UEs are configured with inter-slot frequency hopping or intra-slot frequency hopping. 

Proposal 2: Inter-slot frequency hopping should be supported for Type A PUSCH repetitions for Msg3.


3. Conclusion
In this contribution, we discussed on the potential mechanisms to support Type A PUSCH repetitions for Msg3. Based on the discussion we made following proposals.

Proposal 1: RAR payload can explicitly indicate the number of repetition for initial Msg3 transmission.

Proposal 2: Inter-slot frequency hopping should be supported for Type A PUSCH repetitions of Msg3.

Observation 1: DCI can indicate the number of repetitions for re-transmission dynamically.  Otherwise, using RMSI or reusing the same number of repetitions as for the initial Msg3 transmission can be possible alternatives for the indication of Msg3 repetition for re-transmission.
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