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1. Introduction
At the RAN1#104-e meeting, the following agreements were made regarding type A PUSCH repetitions for Msg3 on “NR coverage enhancements” [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:
· 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 this contribution, we discuss on the type A PUSCH repetitions for Msg3 for coverage enhancements.

2. Discussion on type A PUSCH repetitions for Msg3
· Indication of the number of repetitions for Msg3 transmission
At the RAN1#104-e meeting, how to indicate the number of repetitions for Msg3 initial transmission and re-transmission was discussed and following options were agreed.
Initial transmission
Option 1 : UL grant scheduling Msg3
Option 2 : DCI format 1_0 with CRC scrambled by RA-RNTI
Option 3 : SIB1
Re-transmission
Option 1 : DCI format 0_0 with CRC scrambled by TC-RNTI
Option 2 : Based on repetition number  for  Msg3 initial transmission

It would be straightforward that gNB decides the number of Msg3 repetition based on the received signal qualities of Msg1 for Msg3 initial transmission, and Msg1 and Msg3 initial transmission for Msg3 re-transmission. Also, it is beneficial to reuse the current PUSCH repetition mechanism as much as possible for smaller specification impact. For these reasons, indicating the number of repetitions with repetition factors configured in a TDRA list is the reasonable approach for the Msg3 repetitions. Therefore, UL grant in RAR and DCI format 0_0 with CRC scrambled by TC-RNTI can be used as an indication in initial transmission and re-transmission, respectively. 

Proposal 1: Dynamically indicate the number of repetitions for Msg3 initial transmission by UL grant scheduling Msg3 PUSCH.

Proposal 2: Dynamically indicate the number of repetitions for Msg3 re-transmission by DCI format 0_0 with CRC scrambled by TC-RNTI.


· Differentiation between legacy UE and Rel.17 CovEnh UE
At the RAN1#104-e meeting, a mechanism of Msg3 repetition was discussed, and following options were agreed.

Option 1-1 : UE indicates whether to support Msg3 repetition before Msg3 transmissions. Msg3 is scheduled by gNB with information about UE capability of Msg3 repetition.
Option 1-2 : Msg3 is scheduled by gNB without information about UE capability of Msg3 repetition. UE applies Msg3 repetition if UE supports Msg3 repetition. 
Option 2-1 : UE requests Msg3 repetition before Msg3 transmissions. Msg3 is scheduled by gNB with information about the UE requests.  
Option 2-2 : Msg3 is scheduled by gNB without information about UE capability of Msg3 repetition. UE decides whether to apply Msg3 repetitions. 

First discussion point is whether UE or gNB triggers/schedules Msg3 repetition. UE has to decide whether to trigger Msg3 repetition without sufficient information (e.g., MCS and assigned resource), if UE triggers Msg3 repetition before Msg1 transmission (Option 2-1). It could be difficult for UEs to decide the necessity of Msg3 repetition before receiving the Msg3 resource assignment. And for Option 2-2, although time resources for Msg3 repetition is scheduled by gNB, UE decides to repeat Msg3 or not. This could cause waste of repetition resources scheduled by gNB if UE decides no Msg3 repetition. Also, there might be gap between an actual uplink channel quality and one expected by UE, as UE does not know the exact received power of uplink signals. Therefore, since gNB decides MCS and assigned resource and has information of received power of Msg1, gNB should schedule Msg3 repetition based on the information. 

Proposal 3: gNB should schedule Msg3 repetition.

The next discussion point is if gNB knows either UEs supporting or non-supporting Msg3 repetition before Msg3 transmission. If gNB does not know whether a UE supports Msg3 repetition or not, gNB has to schedule resources for Msg3 repetitions, regardless of the UE capability. This resource could be waste if resources for repetitions are scheduled to UE non-supporting Msg3 repetition. Therefore, gNB should differentiate between legacy UEs and Rel.17 CovEnh UEs before Msg3 transmissions. UE can indicate to support of Msg3 PUSCH repetition via separate PRACH occasions or separate PRACH preambles.
Proposal 4: gNB should be able to differentiate between legacy UEs and Rel.17 CovEnh UEs before Msg3 scheduling. 

At the RAN#91-e meeting, it was concluded that differentiation between CovEnh and RedCap UEs before Msg3 will be handled in RedCap. For this reason, differentiation between CovEnh and legacy UEs should be consistent with one between CovEnh and Redcap.


· Joint channel estimation between inter-slot repetitions in Msg3 transmissions
In the study item of coverage enhancement discussion, it was concluded that in NLOS Urban scenarios at 28GHz, relative differential MIL between Msg3 and reference channel, PUCCH Format 1, is 3.41 dB according to TR 38.830 [2]. Although Msg3 repetitions can enhance coverage performance, a large number of repetitions with occupying a lot of resources in time domain may be necessary for the Msg3 improvement. Joint channel estimation between inter-slot repetitions in Msg3 transmissions can help to improve the coverage performance in Msg3 repetitions, as well as that for PUSCH repetitions. This requires the differentiation between UEs supporting or non-supporting the joint channel estimation on top of supporting repetitions. UE can indicate to support of joint channel estimation in the same way as Msg3 repetitions.

Proposal 5: Support joint channel estimation between Msg3 repetitions. 


3. Conclusion
In this contribution, we discussed on Type A PUSCH repetitions for Msg3 for coverage enhancements. Based on the discussion we made following proposals.

Proposal 1: Dynamically indicate the number of repetitions for Msg3 initial transmission by UL grant scheduling Msg3 PUSCH.

Proposal 2: Dynamically indicate the number of repetitions for Msg3 re-transmission by DCI format 0_0 with CRC scrambled by TC-RNTI.

Proposal 3: gNB should schedule Msg3 repetition.

Proposal 4: gNB should differentiate between legacy UEs and Rel.17 CovEnh UEs before Msg3 transmissions. 

Proposal 5: Support joint channel estimation between Msg3 repetitions. 
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